


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1983 


Absolute electroacoustic measurement of 
temperature oscillations in super-fluid helium 
by the reciprocity method 


Ogg, Bradley Ray.; Valdivia, James,]Jr. 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/19617 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





+ ¢ & 4 + 4 u¢ alee ig Se ug +e Le ‘i i 1M Wedge. SAS *. 2A te, adie sh 48 om eanad Ly Ld deol ILA ham & 
2 . . x he ren oS fg ds Ct Ae ee 5 SUBS 4.4.4 ec & 
t ope Pa at dex | wm Fiat ik fo" ss ay Cech 4 hve we 
nD ou ma +, aaa Pe ee tral a at yeh? ry a tA eg hee ty Se coma Saree me a icky Shes purty) 
; ' p ¢ % , in wae Ae Va b yy td tag" 
: ; ‘ , 5 i he 7 gi in rm 4 ‘< y’ ey pen Ag 8d ey a 


vt te We i ie 
or ENS i " on eel Peter Gaede: Py Si ned parc ” Kriya as oA WH AS awa "al cipal: a te cis aereedation 
= <> tg AN 4 ck ee ok Bai aon ae . per 


' a 
Nps. mY eT he Ae apt Une Le A LOAM E MONE COeare a: 
“4 . 
Al 


i Se a) ry Se ‘ 
Loko Fite ee oe ee oe ae Cade as af4. 
a Ra tid ete teh, PRN ws 
wt 2As i?" % b L 4. - 
j bck 4 * x on ory yy’ ae 


ie re 1 
. : 1: 4 rae | a! At & 8 tp agee SUAS “eomcete Ag Phe Ao hed Oe blae as 
1. : ‘ ath’ he Ln wh pie: f rene 4.86. 


ie 
P q Qi ee Ft REEMA a pers % death 
a: ee 4 ee * meet » ? 
' , 1 mn - ; ; “ ste ws nfo | i Sd ao =". ee Bald Petit Ce © ba Ape! > 


ts Pdigns a! are ad NAT ure ary + 
F mS 2a. Ne Le fy “ d 
ia *, i vd Lope waht Veer ck, sha? Na wut wt a rite AR es Saute ob am Be fy Ag BI ae eR: 
ears or) Al ui ies CO he waliLies. +h Lee TEU eee eet Pe 
Af ug mi Bay mgs WMA Ma Be We Be Ae A Bo he he 
ro LS ye Be oe. Le te 


ete 
a353 
tx 
eS 
eS 
rd 
§ 
G 
4 
ie 





rm ‘ a i 
rhe Ta NSA RAE Wits ® Pree (2 O10. W- Oe aes, D OPA RO RCRCE. 9 Prins a ee ae) 
am © Sent ae hel herd 4 et ee et el) eee ee Ae he Det ek Or ag Bet Ge, Met Ap &, Ae Oe 
ite aM tk 8 pho enw tae “anh ark meat batoc he » Bed shoe aie Neate 
: age mt he Pas 4 a Pe ee ag ee ee Py ‘Oda & » Wide dte te Eon 
{he Pa UY a fe @ atid the Rag, Bart AWE ay XP Qrhond rol *s rma: me Jonrteres 8.8K ae ete arto le tem * de,’ fe, i Par te eras ae 
; : ue Orth a 8 Rie Be Be Pm A male Re ALN eM RS He, Em, a BID he dade DS Mas Att (Ags Manche dt be Poms he © Bn te acne ey 
= P ; a“ 8 + ' Ae GBS & i 4 ym om es FA by Ss Dies At 2 Oe te Raga Be Strike Shi ace ae adap kurta a oe RO ee eo Aspe, are oe 
ay "e ' MIs & ty)? a4 D 4 Lee Ot ice Ad SE eT aw Re Me Kee Le (irigh ye tS late Stee ecilrie t UR Rs OMA Moga HL ay ah act 9 
1 Ai 7 ' Au Fe § 4%. % E+ "a tl 4 ity ‘ Ate 9 hl Ee bm teary ugvy rege chs rte sare ice fg eck as fuse h Rie OGM mem Mont pa Are 
ui 5 ie re eo ge ” Ce ae ! So id MO hw Lae 4 i te Ake are Aa ie! en ae he DFIy dy the BY Re rinks as aie 
“ 5 ms rs t a 8 ‘ Pa, a’ a ea \ P. ‘ ®. Ly 2 | 1 he tm? Ls a KE a x are fe : fit : 7.4 wa Pyauaratma,asogenemrare’§ Ne eg, as re Pe tnk etn nk & 
: od tlt ie , meet a : ce, a a oe ts e ee a Ca LIGA h atcmALDI a alate hn, & aD, Watyare a space s 
‘ . o , Taio. s 4 jr Utes ” a uv 5 At DT Uae Me? Roe avy Mowing! ee Set LS a A Raw 08 eg ere fe eats Wa & Aster ‘We Me eA Lees FiehreApaeee 
a ¥ . ' ’ - ae. Bt ~My & he a hee 8 A ae whe Lee Rr ve. pile ota? ga Bree mo asPe'ts Art. mal pot dete heed * Ree Nant Ap &PISe 
/ A 1 re rei so + a a ' 17 , ) re dew tt ay » Lute F 2h RA ege a A Ag" as Bat Barge rks Sef * Ua A Moe gt, Po coe et Pare BvRr ti Ache ms Oaten: 
. 7 . . . os 8 . ' i Ss em ft Aon t d, Sete! ReBegy Aii Sete beet i” Nene DY Da dhe DAM "Bi S Oho Pidin. Bric te Med Gite TASS o%'9 ragnen hte cake ors dae tlh 
: . A my fen) : (Wi smh Oo an serie wo Np. meee MeO" tere LS RAE BAMA ER om Ya eer pity auth, tele” we vali Pen ee te Re Se A ON 


: . 5 . a : Fs A ae 5 Tey i = “ae Ah. & a oe se rr ee Gad. Rael tag 2. be rae as eh 
A . ’ ¢ ste - td ? La oF > ae Le ue ip aX, “ih ve a hae! teh a let. 
* jl . : ie 1 = , : - sy 1% _ 4 LY =~, 9 ws -~ &! vas een & & 2 ietke 2: Unban nb ~ SSAC SNE MEAS Soe thy me 


hd 
o> 
2 
- 
<< 
a 
- 
‘a 
7 
LS 
FE 
2 
? 
> 


¢ ’ ihe ay erie . 

: alas 1 : ' 5 ow Ls: ee Vx a ee . b RNY SAA te pea A av Mie yy art aaa Nake eee +. Marte Bo™.1 0% Soe WATE, ? 
' " os ' ' rs ay 4 \ af bh om A i ee Oe es et ‘ts UZAY Bihg dom MAP he GAs gM Byte BG Be A pas NORD eeh tet aren ch 

ti 3 i 1 ' . U a ow ot Sa wa tA Ae 4 9% ae us Je ee ee C44 ee eh VEE ae Uae Re BR te a reir yah rt i i 
. . of 1 ' . 1 het ae . “b> ~~ ay, %, oe wy & %, “I LNM 84 ee * Ase oY & @a&a&e ‘emt are hm ta trite ea» Re eA ee oe, Re Nip AE ey Sip hy Coe 

: on . ‘ .- t “ ha 2 x. » le ae 48 oe 8 nC Ams @ aN 2 i Oe ee ea ee ee a ymca. may © Ne wae yan eotah ear 
. aw 4 : Ty Bin tate» alert \ a ee eet RAE UR ae ee Whe ucuare “ty Rage se wane ee Gam 
ah ae VepA Ares" K NAF 1a tay 1% ag Ca eee. Ph) ae ae Oe eet) Or) aot Rae Pareneya, Mme! bo 
A PND MeHg a by Reta he ps alia Was Ree. SSI A alaie ape eR ee WALD ase tewAe ats Bar a 
PS ' hi) us 4 % Me Stora wr rane ms ‘ a are By & Yer nc Qe Bron, Te, 4G, a Ray sa, 2 ne seer arly ay Uae 

a my ¥ Roe’ ‘Palos so Ned, Oe ee Rvs V0, ABH ee a ne ty te es Ryn ao cates fe & OLA mane 
he vrs oh eae oe me . " fy bie. ah at pote eR BAn it ry CRS » pg alse HMR O “omy Ay & 
errr Re=TAw 8 ah Ce ee et ee Tee Ee ck. sl Soars Mares "he Ph. eee aed 
1 ROR DART hea et & ok > +8 Sn > Beak fi (tM Mar BO, barat wry iererghin axe omy, m0) ash! 
is mip "ge nia Seg My erat i wA: t Pt rae A A can Say Aa AG ht ke ha Tipartel 4, = mle iat Ue! cried 1. 
x he a> 4 tia se was AS ON Te ar Be ei bad 

Ve ra de AAS eh Wee he 
v: n Soran cag Sree i ut eo A hts aA RO ieee mens 
i d : : s : , Pe ae $*% ous : 3S Mined Bite Teas metre SN 4 ery tn ta, Pasa! eres Ueiees Sret rane a wud 

‘ ’ a ‘ he a V5 49 BES TE winks h eK aL, 1 AQ ne Reng er ee ee ee Aha Se ls op Mi <a es tM, Bes 3 
‘ 4 & Mee Aetetyap orth 2 ee oo ee ie Syoeeecnny ty TAs ty Ag 

( "te 





ae 

if 

He 
P 


. . . of ‘ a a J & i a A ® $ 13a, + ASL RA “CDQ 84 o'r, ¥ AY UR te A een oN ag tne Bye tate 
. A Ce 3 m8 i. a i % My . ° m. é cee et ew hy on! ae ota a fom wo mes te Se Saran ars ats Own pea 

: yes . ¢ i *%, iS: Mes Se Tey eet atta hte a os a a ey Nee de anon 8 

% 18 » A Whee Sh hak % Fave aed We wad “ Ad ke tbe Ke Often Rhee 
as "SP an} 5 Wh Me thy 4" vs a oy uy ae wun & hay sper yh thar ee Si ah 
. ’ an | P - ; ‘ , \ 1 1 awh Dees way ". My tes a, Rae (at wegen TAS 
nt, . ’ ‘ ot 5 - . - ' i: A >v me as (lh wpe ary Rte hgage a Se bet ee Lo nite Use wR 
‘ 


. . i bee nd WW 7 . un , 3 *, 
» ' » "s ‘ ae | es ste Bote | Rl & Boies’ s QS : we DU Ae pm AS as f dpi es aes ACW as © 5 
i ' Qt ap Of t 1k "8 eee VS vue beac ars ‘ eine Se Ahn Thy Ft Tete th, Beds me sak Red gt, Sah/ealehh te 
, + ' > t s 3 2% mi, Se Oe NS bw 


? 
ae 
Fins 
Rn 
Sy 
ae 











atm S, 8. a ote? “ite opie 3 Ling By MY ge Yrs pet wey et RS Nia seer Sm vs 
% , ‘ : AK 


os Jana AG oe atcha Be 


“s oy ag gh eer ottag ne Stet af 
P48 Fate te sete ns Pry 


f f Aa af 
nn rie ‘ ' ' = : ale ee pees wf ety nt" 2 : gs 
ese atx eet ' A Bes 5 a s 8 1 u 3 whey CH AY ly % ne Ais sie, aah vow aha sch ces RAs a nme Ss om ¢ See a 
-— a remy NS Oe Sam ete ian Sak uk Pee 
ea 3 . Ay Lr ~ as d' 
J yt Sk Ante NEES mga <a 
aoe td ty eh a Hag WO: ay weeps “ ofr 
ia aca a ena 
CU SUCR SUEAORAL OA Seoe 
Si nnd 


ca 
° 
e 
- 
4 
” 
< 


4 gerne ren, : 
1 satea ts Beem: a 
St" 


. . - ' « ay é "0% i i bi . =" ee : es a we Ra ay Say Be An! be a tra 5 
oo ar) ‘ ) oars ; 2 ou P ; . H 2 3S Mek "oh = _ * “= VE uty Repeat otter se onl i 
Ae Me eae ica RI bap ? ey o An Mn ane AN ba Pa eh ey a eR 


ye a 
cee . 








% ae VA 4s wet 
Sic REN. 
a. +R 5 






_ 
as 
wR 


Oe aad) 


ve 
ey” 






SSN pt 


a he Be + 8 es 
: gio Marit ¢ ee , "1 z 

re Eves i Heta de ips # Tatas A Sie hee mee aoa 

E + a. : ‘eee: Te 

#. : nes ta Capen 4 Se Gig en p ont Ah) ' 2 2. Fe - 





¥ 
AY 4 t & Bir > u 4 F x 
if eames ios 11s edited wale © 





Pa Fie S ee Pe i : 

ie ie pane “ vee : : i 4 oy Lavo mny oot 
4 4,009 O, : badd cae ed e Pr 3 AS as Ps Sa setinss i ae nl apes " . ea 
Gee) J i i ‘ast Hin Ri; “23 


* 
te NE th Waa ee a teu 
te Ek pas + ere ring dene Bia 
AD , 
pe Ree: pk a 
pees Cilem ing eh 


ae ei te Co en 
Re head 


ie t 
Si on eB ohh ut wiahe > awe ale 
wey ye 8 sue OR ia Pie ¥ Z 7 ie 
Be ehh Seas ui yy ange a GE im 
Fe Le v ere 
Pepe Rip ong Tee ae Remerns 
*- 


LT EC ae 1 Ds haw y v tai Dw e- Sate 
oP ae me va Lenp eg 


’ mi 
* Res aes i on pe My ex =¥e OT asus ru 
i ae 
5 i; 96 vee 
' ts @ é yt ry ® ti F . 7 A Fist es Wer n ee tee P Pr r, ; rie? % * 5 a ea rents Xv! raw at rae awe tieA4,' r aye Maid ota bs eae re vy id Cra ahd =m aut fait Mp hairs, 


q z ¥ & F AL AUP re 
$ "> tho a% ’ rt - ocfa e F en gt nF ER Ki oper Peet 
" 
. ? at ow py epi 218 is Lae Kay 
mee, Ge 2 ts wera e oie Gane Pea ENTIRE Seas rat he ree aes 
e : Vie Of. ; ei ql ep aks aR tin™ od A Ma | OmA iy aot! 
f20 Ao ayy es eo oe “oe f f peti ere hate: ae a Sd Mebccw nha se tidy wis oped i Plow di! Faery arate ge 
ips woe ee one $6 Oe At Pals Retiten 6 Age chs, fl 0 Penge gt # Yo ote Fe, oe they + Leh ied ne rol Sats ff eae Pr na a a 
i oie eo PN a ae en Ps ni ane, vat Bviy" De eg Pe wie Kis DiS te ee doe ent Seer stelstanded aseee 
be ; f ' ' é « a? we 
1 ee ¥ , : : Te Cee eae  & ytve wet toe % ee eee afr ous vietyr Ag ee pee. oS bet chest ae G ae Odean 
. ‘ : 5 ar PLee rot . . . Ci ee ea 5 et ee a fhe 0 1# Ge ore emee ae Ie FAOKOR A areas vate. ere ae Beira ed wo ody : 
u 4 § . eee 2 Pi - . ~e ese et oe t Tages Wit Sr iaker ee WAT ear = oie ee ie ee mT eos 5 
, pomee ' to fr in 78 5. fev un hen pa . ae red petra my) 
a ore a + vas a a . raphe v ye @ Ry ate Why a epinehes code 4 oe Po Bir ceeaei: seats ote ae ph 
' oy, ost ap Tat res g Rees e fey ee, Aecavenee na apm brik Pi ee 
Paty taba footy ea oe POA: SP eo ¢ Relay Ree nisou ia ke: 2 rca 
rt ver O84 Of vee oe hey ab ij Meer yo ie ge £033. Pe ra) ee ea ae 
. es 13 be Sy: eto Fata Vist Wareee 6 He Lrwapreenereee D Piglet cot 
(4 td fans PRY OF VF Oe Sew 6 ea aon raat ber ® npey Be ait foe eteres renan 
, Wee Hav araty fh Bear rave a oy” arias meee Sakae 
Fae F fiw we rs, pew. ee Pa i 1 eg Tove Germs wd 
cryern Sky» ra 6 Ceew er Os ay ver" ee PBs AQ gata Ma: Iphatt mV Yoon erties syynag ep spre rip tee 
oe Fe ‘a routed heigl ea glad dy es ot Ta CFR joo phere ages ees ee te . pia we wamgrens 
, vy Tet ne oy ates # eign 2 * es nnn 
,] ; ay eg thle Aad tide atta Ee iat ae A perks hfe dh adtortey YA veyor * 
i a 2 a a 1 ¢ ” ° ” ‘ mt 1a? 5 Ca ’ ; . 3 Ae RTs ta ak Dae et! etn eo Te ne ae ey ie Fhuweees por wets 
s . i a. 00 oe. re ae pa er be ha be as PE ee Me Aves Sia 9” pe seo ay % ees: Agden tes ca 21 God ag ace he 
ee et ee Ee CR ps NE es Sed Ne ta ia tg ERS: cite Aveta aces plere set yn waren ome peed 
a, Sande fs Ip ed LTS athe as 
























- 
s 
a 
' 
* 

= 
ron 
ee 

. 
“325 
ans 
*. 
2 2% 
ar 


Goes ee 
a 
. 





cd Fal nk Ftc. ABU hp A hehe 
3 dees were Fs ennai aj asin yy Aes 
‘ : Ve LE Gg PR CP er NVI hE YF Riad Aewe a Ga aaa ¢ 
a wy 08 1d wy F Fees erent we oy Ro ade eid wean ye Pwryty ih lip og? ag ed a tI NE PY, Dea tea ael poh? sade 
reo 6 ba eby ote ate bys Be ay we ieee a Od ay es A Lip ketal ae ct PEM LRN GoM RS Ie VL ae ee RA Fo: eh ym o © Ele iver on 
a dale Aa Ciel ay Sees aire: VE te he Weld Prt ews heaters’ ey ° : 
2 ‘9 r ‘ : ea Ag 3 oe a one “ee ae Ae we ene, bagel etn th (sh. dedoaet thew 
7" fi “9 ' ' 1g 4 ’ id ‘ rela 5 ed a oe we al ai Set eet 4 th J 
DS x ay oan . a é . é F Satin tint py ones aR ere emer oun 
2 v0” as ' 1 So Ay PLE at) ‘ Ra ie 


A J ‘ ; 
z : ’ : ] od mae ue qe ew atgt & 4 
.o4 j 







a Cia ee oo. eh 1 Pre 


om 
. 
we = 
. 
= 


Bre es VTP OR re pa4t o be hy oe were wite a WX ey 
Te ® a . 4 ‘ > ie 4 We Gane 9) 9 Tie tecithne 


. 5 a 
. 2 oe 5 a K . PGES) ee AW! or FT OV 8 BNET EH Be 9 eee epee. : 
. ' ‘ : ent a + wv 8 ‘ ¢ fy etn ~ ca j ae ‘ . ; t 5 4 wv wien gente ee te ae 





3% "Qi f far ' 
4 tw es CO at i i nT a1 we 5 ‘y ay weet. > 1% tytn Dee tae p vs ye 
* . ‘ te Lay A é‘ ; oe ‘ . : ie < eres 4 cu é * ' “ ! Rn uy Pak) < jes Pate Myth vay ooh’ he 
‘ as ak ih! 26 


. a4 nee ene oy to“ ee) lve yy ee Sara es hey 6 a Mee bw wey? Soe ares é 
. =. - a ' i FM) *. ‘ 4 sos { . vies if 
ed i “a4 = . “e- ' ° a : * A : — tis ipso Bier a en ube oo Ch a ae Te) 2 es adh bil ri. at e pf Pepa Pe Si Pa yr ey Sayan ON OU Tey ey ie ed Por eee 
to ' } fl : 1. oe ce . FAS Wig TE ¥ »¢ Vala Pale Mat ae hk PNG ob MI ak sh cael KOSH ow 
1 4 . et) & vl ot 18 on a5 ‘ . 1 ‘ 2 ' o ghey 5 ee ' bes 25 4 © oa fet gil a “ei ri | i ay ene, oe ea 
™ 





° vy We H 
i ar , PRP CD we ATEN iE Th oe © Tah b ig pee wear cy a ’ 

; v! 1 ne owe F. gcse F ny it ‘ 4 ’ mP ee Mya 3 Liners "ye ve v : ‘ina a ais EE OT IE DON OEP LWT PUY ACES BP: oe WE BF LA rgd Ay id i we Kd a po nragae are 
H . Fy “ P he ‘ Ne ose at 1 a: wre * v . ti re. Tha KF ut iA wo " 'Wvale _ * 
a) » @ 4, ene * TAs 1 €'. Se, + 8 Cn i netg a oe ‘ps ie i, yi tf ‘s 8a CPO AEZY PTDEY, PI YOPY ANE Bille Pa OMT Ne TS aT EH rors de \ighar van f 
‘ v a) a ¢ ity a fos errs re , SIO ened bs had SG Lad & ben Atk oe PS ees ee a tdah ok o8 Me oko a dl ope oda eee ren 
' A) wa er 4 i> 0 ee % ’ +e Seu ate hint o- s gate a Me aan hae ae" es ¥- at ark conn rien igecey ack ces ne en onete 7 wt 

oh . 4 * a i W on a Yi owe er m & y RES ti PFS 2 Gulsvnt 5° eae Pe 
1 i tA 1 , P : *. ‘ nes de ree oe . Be ary = Cl, wy “ie A - on Eni é ae fren 2h . 4 ' dy ene: rig atari! gh aeatp he. meaty bees peer Oe I 

e i 


Tae e 4 one MNS he wh eet 9 : Me ier er Gal kid pes te ivy yh oy IE Ff Fey * ye 
; ; ; nf ve ° hig : Se Ry mv i +b ty a 45 bs Fences os SEM whey ey" Users BIS TD Sire nee NO forcerin a ecevaatt of ren eed a a 
Ay yaa e . ; a . he a ' as t% a0 ‘ ee a ey rng my zen, ye se igh: Be 24 thet ¥ 4 2 ee we OF sip pe 2 Per om er Pie ne 

: “tLe S Pee Ps eos 2 1, play j Yr erat oe 0m Me GP yaa" 9a wn Vn He 
ern + Te. Pie) », 29 'f t 4 nuts 5 nd eae fe nr cp ee PR Gay oy ey hy gt 1+ Aa $, Ryne Ded ae eth he oe meni Say Coie ital cn o~ Seats Wad Re Sacked 
; ; er cee Jie ‘ i phos '@ tty Os. 1 Ss ON ee Cat bon em RVI we Rw A set Aad ey tier iets ep aTte, rd td 

- Sn r 5 te it. 0 ' i j ihe. 4y : rk ae ea yn w lees : teeny nap fe Rew gree 5 ite eee he recive awe 2S ie pease o, Sisal thats! pues By 
ry es % © cma a ft 1 0 $6 He Spi oy o 4 i gah AU. 1 Ry Sew Wiese nnd Me 4b tee a Krew Tif © Ove Biche Oo eo mir wat were ABsree ower 
F : ra i 3 See f ey PATIP o stogie steno! A! Oo ae tae Bata eg bon easton Le Pa ee 0 ee ee ce: eT ae i Fa PS! Coie rat whe, 
, it AL evn sy + rd ORD > Je: Se a Canoe is warigs wo ae Koay se 
Rye es Picasa ep ps WEMes Poa tnnerrs Pie ie 
> io" ie 


ter a" ae ra ba baad a, hoa 3 4 eters aa Aa ¥ he oust s Pt eae ee waht aout aay SS 
f - 2 (9.8 g ths! 5 k * i Tey pine Ce ee v elk aa “Prete 
ar Rey my 4 w i Wag ng et ing: ee iylipwe (tees renee Ate Y aa¥ Savon dbp erica ' aw = 0", ak Tmincwone SS reiera acer senate pe Let ryan 
wh § Ph eS ht ele ran ir ne os u “i ward a ok Oo Efe owenrisne VEAP 
i zt whtasemu ey a 
Ate AL ld chal nie lee ae " jig ween 
bs Ve he. A rtet & or PRO yr 9d Be 


‘f ie 
See Sain 
¥ y - 4 wn bee 
of Le Be r a ag et OR DT gy py * Fie Or Geercmemens meena Let le Pe wIae wr Rae 
eyo Ge Pn ra a rd 335 hy Re. Pao tB ee Vor ren BAS" NN, bh ig: may TRV, ee i a be 


” 
AAV ty RE RREE FT re ogy ear) ‘er a? PP a ne tt 
| Ape ? Pamw FEM Le Bf 1a 4 be ab naan bow pore sash ints ae, ud ibege rary 






MY 
U Fx * 
re AP 4 cat 4 be ve ,# ree fe, manna Recut 


a 
a < 
» 

= te 
~ 

* 
~ 
« 
=~ 
Ca 
ae 
3 
= 
% 
bake 
€ 
a 








PoP 


cee | Bd eee 4 oe epten JK ¢ bal pie hindi - Sr ered eat 19 
vn, “4 rs % sates ring § ¥. setae Wiel, in , ei vee py Setar in Ser, B rhe teres 


a ae i, “ 


hey ae 
bari Le arenr 


bs P 4A: 
ary Milk A At ea Se a COAL Whore ow 
7 . . 4 3 Ant A "9,7 : ay fm wet Oe be A ela a Sad We pw ne Ome ‘oad 
. 1 P 4 =p aL i a > pme A apt Fi cui ‘ce Bee Ra nw 7 ut i Leth ; — 











NAVAL POSTBRADUATE SCHOOL 
M 


onterey, Gallfornia 





ABSOLUTE ELECTROACOUSTIC MEASUREMENT OF 
Pete EPATURE, OSCELLATIONS IN SUPERFLUID 
Peer bY The  RECUTPROCETY METHOD 
Dy 
Braadlevyereay O22 

and 
James Valdivia Jr. 
December 1983 


maesis Advisor See ea ee rt 


Approved for public release; distribution unlimited 








SECURITY CLASSIFICATION OF THIS PAGE (When Dere Entered) 
READ INSTRUCTIONS 


REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 


. REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER 













5. TYPE OF REPORT & PERIOD COVEREO 
Master's Thesis 
December 1983 


6. PERFORMING ORG. REPORT NUMBER 


7. AUTHOR(s) B. CONTRACT OR GRANT NUMBER(@) 






4. TITLE (and Subtitie) 
Absolute Electroacoustic Measurement of Tempera- 


ture Oscillations in Superfluid Helium by the 
Reciprocity Method 








Bradley Ray Ogg 
James Valdivia Jr. 





10. PROGRAM ELEMENT. PROJECT, TASK 
AREA & WORK UNIT NUMBERS 






9. PERFORMING ORGANIZATION NAME ANDO AOORESS 


Naval Postgraduate School 
Monterey, California 93943 














12. REPORT OATE 


DECEMBER 1983 


13. NUMBER OF PAGES 
160 


. MONITORING AGENCY NAME & ADORESS (if different from Controlling Office) 18. SECURITY CLASS (of thia report) 


CONTROLLING OF FICE NAME ANO AOORESS 





11, 


Naval Postgraduate School 
Monterey, California 93943 






Unclassified 


1Se. DECLASSIFICATION/ DOWNGRADING 
sCHreOwCE 





16. OtSTRIGUTION STATEMENT (of thie Report) 


Approved for public release; distribution unlimited 


17. DISTRIBUTION STATEMENT (of the edetract entered in Block 20, If different from Report) 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reveree aide if neceeeary and identify by biock number) 


Superfluid Helium Thermal Oscillation 
Reciprocity Second Sound 


Quantum Fluid Plane-wave Resonator 





20. ABSTRACT (Continue on reveree side if neceseary and identify by biock number) 
An experiment will be described which has verified for the first time an 
extension of the reciprocity calibration technique to reversible thermal 
transducers in superfluid helium. A plane-wave resonator of circular 
cross-section was capped at both ends by reversible teflon slit~electret 
diaphragms to generate or detect thermal waves. The resonator also incor-~ 
porated a heater and a d.c.-biased carbon resistance thermometer to set 
independent upper and lower limits on the thermal excursions within the 
resonator. The temperature excursions measured by the reciprocity method 


DD i en 73 1473 EDITION OF 1 Nov 6818 OMsoLeTE 


Sn aia) 47560) 1 secURITY CLASSIFICATION OF THIS PAGE (When Data Enterec’ 








UNULASOLE LED 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


fell between the upper and lower limits, which, for lower modes, were 
separated by only a few percent. For higher modes, the lower limit departed 
from the upper limit due to the thermal inertia of the resistance thermom- 
eter, but the reciprocity result remained only a few percent below elie upper 
bound set by the thermophone over nearly a decade in frequency. The "slit- 
electret" transducers had sensitivities in excess of 100 v/° K, and temperature 
oscillations as small as 10-°° °K/ (Hz ve ) were detected. 


S-N 0102- LF- 014-6601 


SS a a a a cam 
SECURITY CLASSIFICATION OF TMIS PAGE(When Lata Entered) 


a a eR a ee es nnn i ne 


ew F 





Mepeeved £Or pUubige celease; distribution unlimited. 


Absolute Electroacoustic Measurement 
of Temperature Oscillations in Superfluid Yeliua 


by the Reciprocity Nethod 
by 


Be ne meee 
bteiheaehohk aude d Ica tes Nav 


Be Se, UDLVEESic y OL LOUZSViilwe, 4977 
and 
James Vaidivia Jz. 
Lisutenant Commander, United States N 
a Sa lg i 


avi 
SpeeulaVerSity Of New Mexicc, 1974 


Submitted in partial 


pao Ciao ik 
requirements ror the de 


Batolon wOPVSCLENCE INSENGINEBERZING ACOUSTICS 


from the 


NAVAL POSTGRADUATE SCHOOL 
December 1983 1 
4 wd 





ABSTRACT 


Maemperament will be descrirbed which has verified for 
the first time an extension of the reciprocity calibration 
technique ts reversible thermal transducers in superfluid 
heliun. A plane-wave rescnator of ircular cross-section 
waS capped at both ends by reversible -tarlon slit-elsctret 
diaphragms to generate or detect thermal waves. The reso- 
nator also incorporated a heater and a d.c.- biased carbon 
resistance thermometer to set independent upper and lower 
limits on the thermal excursions within the resonator. The 
temperature excursions measured by che reciprocity method 
ell tetween the upper and lower limits, which, for lower 
modes, were separated by only a few percent. FOr higner 
modes, the lower limit departed trom tne upper limit due to 
the thermal inertia of the resistance thermometer, but the 
reciprocity result remained only 32 few percent below the 
upper bound set by the thermophene over nearly a decade in 
feegquency. The "slit-eiectret" transducers had séensitivi- 
ties in excess of 100 V/9K, and temperature oscillations as 
smail as 107-19 OK/(Hz!/-) were detected. 
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Pee eRODUCTION 


A. CLASSICAL RECIPROCITY 


Before addresSing the subject of this thzisis, the axten- 
eee Of the acoustical reciprocity technique +o <kermal 
(second) sound in superfluid heliun, Pewee ee penUSer ul eC 
review «he development cf the classical technique which nas 


been central to the progress of acdustical science over the 


ch 
Oo 


last fcrty years. Pherae Gleme eXtension OF these ideas 


fu 


pemescalibra tion cr second sotnd transducers in superflui 


helium will be treated in chapter II. 
1. Reciprocity Relations 


In applying the Reciprocity Inecréem for the absolute 
Calibration of microphones, tacLéean [Ref. 1] and indepen- 
dently Cook [Ref. 2], have dezonstrated tnat it is possible 
to determine the absclute sensitivity of an electroacoustic 
transducer by making cniy electrical measurements, without 
reference to a primary acoustic standard. 

Tom iastrate | ths technigue, consider the linear, 


passive, four-pole network of Figure 1.1. 


V(q) ¥(2) 


Figure 1.1 A Linear Passive Four-Pole Network. 
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The system response can be described by the following péir 


GE iinear equations, 


V (4) 


if 


ai({1) + b i(2) (2qn 1.1) 


V (2) ea (ieee di) = (eqn 1.2) 
The above network, whether 1t serves to model an acoustical, 
electrical, mechanical, electroacoustical or electromechan- 
ical system, will satisfy the Reciprocity Theoren whenever 
be teres 

Capacitive microphones wer2 used in this experiment; 
therefore, for cur purposes, b= +c¢ in Equations 1.1 and 
ieee (Ref. 3]. If we let our network model an electtro- 
acoustic system consisting of two reversible transducers 
fergure t.2) then, 


V(1) 


aiqd1) + bd i(2) (egn 1.3} 


V (2) Det) + d 2 (2) (eqn 17.4) 


1(2) 





Figure 1.2 Transducers 1 and 2 Coupled by an Acoustic Field. 
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HeeonouLa DE TOoted thaz equation 1.4 represents the 
receiver, Or microphcne, side of our network, while equation 
1.3 represents the scurce, or speaker. Also note that c = D 
must exist since our transducers are electrostatic devices. 

BoE =centoanued CompatabLlity With existing literature 
concerning the Reciprocity Theorem by Rudnick [Ref. 4] and 
Swift [Ref. 5], the notation of MacLean [Ref. 1] will also 


be used in this report: 


Sensitivity as a microphone 


S = Strength as a Source 
therefore, 
MO = open circuit vclts/pressure at mic (egn 1.5) 
feem—=8shOrt ClECUItT CUrTeRt/rressure at mic (eqn 1.6) 
SO = pressure at mic/fcurrent into speaker (eqn 1.7) 
SS = pressure at mic/volts across speaker . (eqn 1.8) 


When transducer 1 is used as a speaker driven by a 
voltage V(1) anda current i(1), and when transducer 2 1s 


Short circuited, equations 1.3 and 1.4 become 


V(1) = a idl) + b i(2) (eqn 1.9) 


0 = b i (1) + da i (2) (eqn 1.10) 
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which leads to 
Wey 72 (2) = b = (adyb) . (equ 1.1) 
Zero appears at the left side of eguation 1.10 because 
transducer 2's output terminais have been short circuited. 
When the same short circuit measurements are again 
made on our network, but with the roles of the transducers 


reversed, we find that equations 1.3 and 1.4 now yield 


QO =a i(1) + b i(2) (eqn 1.12) 


V(2) = b iq(1) + d i(2) (eqn ds 13) 


which leads to 


¥(2)/i(1) = b - (adyb) . (egn 1. 14) 


From equations 1.11 and 1.14 we sea that 


M2) 7/201} = ¥(1)/i(2) , ’ (eqn 1. 15) 


which is the Helmholtz/Rayleigh statement of the Reciprocity 


Theorem [Ref. 6]. By equations 1.60 and 1.8 


me ( 2) P(2) Ms (2) (eqn 1. 16) 


P (2) V (1) Ss (1) (eqn 1.17) 
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therefore 
1(2) = V(1) Ss(1) Ms(2) (egn 1.718) 


and 


fevec iy /2(2) }] = (Ss(1) Ms(2)}-? . (eqn 1.19) 
Similarly 
yee 2) J/1(1) ] = (SS(2) Ms(1)}-? . (eam 1. 20) 


Using equation 1.15 we obtain 
S$s(2) Ms(1) = Ss(1) Ms (2) (eqn 1.21) 
which finally leads to 
Ms(2)/Ss(2) = Ms(1)/7Ss(1) . (eqn <1. 22) 
When a Similar analysis 1s performed, using equa- 
tions 1.5 and 1.7 (microphone output terminals open) we see 


that (Ref. 1], 


Mo (2)/S0(2) 


Mo (1) /S0O (1) 


Ms (2)/Ss(2) 


Ms(1)/Ss(1) . (eqns 1.25) 
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Therefore, the ratio of a transducer's sensitivity 
as a microphone to it's strength as a source is dependent 
only cn the properties of the space through which the sound 
must propagate. It should be noted that no mention or reso- 
nator gecmetry has been made, and in fact, the above ratios 
are independent of the physical aspects of the resonator 
(Ref. 4j, or any other geometric boundary condition. 

If we let both transducers be identical and ideal! 


then Mo(1) = Mo(2) and we can define 
MOo/SO = 1/2 (eqn 1.24) 


where "Z" 3s the guantity which characterizes the acoustic 
geometry, and has the units of acoustical impedance. 

From the open circuit receiver case where 1(1) is 
used to drive side 1 and the output of side 2 is V(2), then 


equations 1.5 and 1.7 yield 
V(2)/i (1) = SO(1) Mo(2) . (eqn 1225) 


Mca plying the right side of equation 1.25 by (Mo0(2)/M0(2)) 


and using equation 1.24 yields 


V(2)/fi(1) = Z (Mo) 2 (eqn 1. 26) 


Mo = [V(2)/(1(1) 2) ]#72 . (eqn 1.27) 


_ ap ap a Pa ae ee SP ee ee ee a a a 


1The transducer is small compared to a wavelength of 
Seuma and 1S so non-compliant that aS 2) 02CEOpheme, it's 
IP et at a point within the sound field will never affect 
he sound pressure at that point. When used as a speaker 


it's volume velocity is independent of the acoustical load. 
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This says that once the acoustical impedance Z is deter- 
Mined, the absolute sensitivity of our identical and idea 


transducer can be calculated from equation 1.27. 


2. Acoustical Transfer Impedance 
To investigate the parameter 2 we first drive the 
ideal transducer of side 1 with voltage V(1) and current 
i(1). <A volume velocity U(1) will appear at the speaker and 


V(1) = a i(1) + B U(1) (eqn 1.28) 
P(1) = Bi(1) + D U(1) = O (eqn st..29) 
where P(1) is the pressure at the source. Here, P(1) must 


be equal to zero since no external pressure is Deing applied 
to transducer 1 and the ideal sourc2? cannot "eel" it's cwa 
generated pressure. With transducer 2 @as the short 


G@tecuated microphone we find 


V (2) ai(2) + B U(2) = 0 (eqn 1.30) 


P (2) Bi(2) + D U(2) feqn 1.31) 


where P(2) and U(2) are the pressur2 and voiume velocity. 


PaOnesguaplOons 31.28 to 14.31 2% is clear that 


V(1) 70 (1) B - (aD/,/B) (eqn 1.32) 


P(2)/i (2) 


il 
08 
{ 
~ 
~ 
~ 
two 

td 


(eqn 1.33) 
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Therefore, we obtain the following ratios 

B(2)72i(2) = V(I/U(1) - (29707. 34) 
Utilizing equations 1.6, 1.8 and 1.24 results in 

Z = P(2)/0(1) = S(1)/M(1) . (eqn 1.35) 
Therefore, 2Z represents the acoustical transfer impedance 


(units = gm/fcm*-sec) relating the acoustic pressure at the 


micrcphone to the volume velocity at the speaker. 


With the parameter Z now defined by equation 1.35 it 
is possible to use equation 1.27 to determine our ideal 
transducer sensitivities. The parameter Z takes on a 
variety of forms depending on the geometry of the resonator 
{Ref. 4 j. Hobeetie | Dlane=wave fesonacor of figure 1.3 


equation 1.27 becomes 


Mo = {V(m)/(1(s) 2) J! 72 . (eque 1. 36) 


i(s) Gy 





Figure 1.3 Plane-wave Resonator. 
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| 
| 
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Notation for Determining Z 


(mv 
lo 
li 
lm 
f=) 
@ 
pa) 
{3 
= 
IQ 


cross-sectional area 
sound speed 

energy 

frequency of n-th mode 
medium density 
resonator length 

mode number 

pressure (rms) 


quality factor 


<—- O WwW VP ft w rh ww OO YS IP: 


velocity (rms) 


ee SS ae ee ee AI ee eg oe ee ee SE. See Ee eg ee ee 


ties 


| 
: 
a 


The determination of the acoustical transfer impe- 
dance Z for our resonator, uSing th2 notation of Table I, is 
as follows: 


E (stored) < KE (max) > = 1/2 (FALV 2) (egn 1.37) 
a@g@eesince P =@cV and L = nC/2ét then, 


E(stored) = (nAadb2/4@cf) (eqn 1. 38) 


and since power radiated is the product of the in-phase 


pressure and volume velocity, then 


E(lostycycle) = PUyf . (egn 1.39) 
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Everdefranaticon { Ref. 7), 

Q = 2N E(stored) /E(lost per cycie) (eqn 1.40) 
then we have 

Q = (P/U) (An®/2Sc) . (eqn 1.41) 
Combining equations 1.35 and 1.41 yields [Ref. 4], 

Z = (29CQ)/ (Anat) (eqn 1.42) 


By direct substitution of equation 1.42 into equa- 
arom i.27 we finally cbtain a viable method of establishing 


the absolute sensitivities of our ideal transducers: 
Mo = 1077 72f (V (m) /i(s)) (Ant/2Q08C) J! 72 (eqn 1.43) 


The factor 10-772 occurs if the electrical parameters are in 
units or veits and amps and the mechanical parameters are in 
cgs units. 

Somcne cdeaustical transfer Eunction 2 can be deter- 
Mined using both measured values of Q andA as well as the 
eeepc Ori quantities §F and C. AEMsdedath Ghis Mnrormaticn, 
Wewcan now use equaticn 1.43 to conduct a calibraticn of our 
transducers using the Reciprocity Theoren. 

The reciprocity calibraticn requires two sets of 
measurements to be taken on the acoustical plane-wave reso- 
nator of Figure 1.4. The dimensions of the transducers T, S 
and M and the iateral dimensions of the resonator are small 
compared to the acoustic wavelength. 

The actual resonator of our experiment consisted of 
a brass body and "slit" electret transducers. More will be 
said about cur experimertal resonator in chapter III. 
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M1 CROPHONE REVERSIBLE TRANSDUCER 


J 





SPEAKER 


Figure 1.4 Plane-wave Rescnator for Reciprocity Calibration. 


For the first sét of measurements, the reversible 
transducer T ais driven at a resonant frequency of the 
chamber. The driving voltage V({1) and current 1I[(1) are 
measured and again, aS in equations 1.28 and 1.29, the 


systém response is 


ai(t) + B U(1) 


V (1) 


0 


Beas D U1) 


The open circuit voltage V(m) at receiver M, used here only 
@5 a microphone, is also recorded (refer to Figure 1.5). 
This voltage corresronds to the pressure P at the ends of 


the chamker. Prom equation 1.35 we know 


me Z U(1) . (egn 1.44) 
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Figure 1.5 Reciprocity Calibration; first measurement set. 


For the second set oft measurements (refer *o Figure 
ime Speaker S is driven with sutfiicient current i(s) to 
again preduce V(m) at receiver M. This now ensures that the 
acoustic pressure P has been raproduced within the chamber. 
fe short Ccitcuit current 1(2) is measured first, giving us 


equations 1.30 and 1.31 


© 
tl 


ai(2) + B U(2) 


A ©) 
i 


Bea 2a DU (2) . 


Finally, the open circuit voltage V(2) is measured resulting 


se 
V(2) = B U{3) (eqn 1.45) 
P = D U(3) (eqn 1.46) 


Ge 





where U({3) ais the vcliume velocity which corresponds to the 


Hopen circuit" voitage at the receiver T. 





Figure 1.6 Reciprocity Calibration: second measurement set. 


The above equations 1.28 to 1.31 and equations 1.44 
to 1.46 form a set cf seven simultaneous equations in the 
seven unknown quantities Se Die Ueilekee 2 Uiule jeg UC5) pid Wala 6 
The equations can be combined to yield the following 


expressions [Ref. 5] for P, 
Be= {¥(1) 1(2) at 
Beo=- |V(2) 1(1) 2] .- 


Therefore, the sensitivities of microphone M and revers- 
ible transducer T are given by the rollowing set of equa- 
tions (Note that the reciprocity calibration has been 
accomplished without reference to a primary standard and 
with cnly easily obtainable electrical and geometric 
measurements), 


sens (4) V(m)/P 


Sens (T) V(2)/P .« 
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Bo HISTORY OF SUPERFLUIDITY 


Now ror a fundamental look at our experimental nediun 
iewid helium. Probably it's strangest characteristic is 
its apparent ability to remain in a liguid state, under its 
Own vapor pressure, when temperature is reduced, and with an 
apparent preference to stay that way right on down to abso- 
lute zerc. To produce the solid phase réquires application 
of a high pressure, 25 atmospheres or more (Figure 1.7). 

Miemereluctance Of hslaum to solidicy results from ea 
combination of two factors: (1) the extremely weak van der 
Waals force between the atoms and (2) their low mass. The 
forces are weak because of the simplicity and symmetry of 
the helium atom with its closed sh2ll of two electrons and 
the absence of dipole moments for its nucleus. The effect 
or the iow mass is to ensure a high value of zero-point 
velocity. To see this, consider an atom in the liguid as a 
free particle located in a small "cage" formed by «the 
adjacent atoms. 

The total zero-point energy per mole of the lowest state 
is then [Ref. 8] (Nh2 78m) (4T/3V) 273, where m is the nass of 
the atom, Vis the melar volume of the cage, h is Planck's 
constanz and N is Avogadro's number. At absolute zero the 
total energy of the liquid is just the sum of the potential 
and zero-point energies, and London's [Ref. 8] estimate for 
this zero-point energy (assumed to be the same for both 
solids and liquids) indicates that it is lowest ata molar 
volume of approximately 30cm3. London then showed that at 
such a volume liquid helium has a lower energy then it does 
as a solid; therefore, it is in a stable form as a liquid at 
absolute zero. 

Helium has tne lowest boiling point of all known 
substances. FOrrHe* “2t 1s 4.2 9K at STP. Between this 
temperature and 2.172 9K this liguid behaves like an 
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GeGimery £LUid. But aS the temperature is lowered it trans- 
forms 2ntO a second fEluid phase which exhibits ver 
different dynamical properties. 

During early experimentation it was found that a plot of 
the spécific heat of liguid helium versus temperature indi- 
cated a sudden discontinuity at a temperature of about 
Tyg= 2.17 OK. This temperature is often called the lambda 
temperature due to the similarity of the shape of thea 
specific heat curve to the Greek letter "Lambda". There 1s 
an abrupt change in all the properties of liguid helium at 
the lambda-point. This chang? 1S Known as the lambda tran- 
Scion. MVGE )y Slanpertdtt. DOGnt.co De brought "out at this 
time is that the region above the lambda-point is referred 
to as helium I (He I) and the région below as heiium II 
(He II). 

The difference in behavior is visibly apparent when 
observing adewar vessel of liguid de* which is cooled 
through the lambda-pcint by boiling under reduced pressure. 
maeetne He I region, the liguid is greatly agitated by 
Pupoles of vapor which form throughout the liquid and 
eagerly escape the surface. Yet, immediately as the 
lambda-point is passed, th2 liquid becomes extremely caln 
and no mcre bubbles are formed. Bel@me the transition temp- 
erature the liguid refuses to boil. As pointed out earlier, 
liquid helium has many unusual properties, one of which is a 
very high thermal conductivity and this is tha cause for the 
absence of boiling below the lambda-point. If a bubble 
forms below the surface or the liguid, <=he pressure insides 
the bubble must be greater than the vapor pressure above the 
surface by an amount equal to che hydrostatic pressure head 
plus the surface tension pressure. Vapor at this increased 
pressure cannot be formed from the liquid unless the temper- 
ature of the fluid below the surface is higher than the 
temperature at the surface. 
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The thermal conductivity of He II is so large that sucha 
temperature gradient cannot be set up, and so the boiling 
(agitation) is prevented and all or the evaporation takes 
place at the surface. 

That something strange happens to liquid heéiium below 
this lambda temperature was also noticed by Kamerlingh Onnes 
as carly as 1911 (Ref. 9]. He found that when the liquid 
was cooled below this mysterious temperature it starts 
expanding instead of continuing to contract, thus deviating 
from the behavior of most Substances. Almost 30 years later 
Allen and Misener { Ref. 10] ard Kapitza {Ref. 11] found that 
at these low temperatures liguid helium could flow through 
narrow capillaries (about 10-*cm in diameter) with no meas- 
ureable resistances. This observation ied Kapitza to refer 
Pemene Liguid as a "superfluid". 

Superfluid seems an appropriate name for this unique 
substance since measurements of flow have been made cf He II 
passing through very fine cracks and 2xtremely narrow slits 
and capillaries, which for normal liquids are, in effect, 
lmpassable. Laguneee helium can Overcome such obstecles 
freely even without requiring a hoticeabie pressure differ- 
ence, and, strangely enough, it seems to leave its entropy 
behind. 

The superfluid flow phenomenon leads one to question the 
Wescosity of He II. Measurements by Keesom and Ende 
(Ref. 12] of flow through the aforementioned capillaries 
seem to indicate that the viscosity of He II is 10% times 
less than that of He I; however, measurements of the 
viscosity by Keeson and MacWood (Ref. 13] using the rotating 
disk showed that the viscosity of liquid helium below the 
lambda-point, although it decreased with decreasing tempera- 
ture quite considerably, nevertheless varies continuously 
and is certainly not very different from the viscosity of 
He I. When Allen/Misener and Kapitza reported their 
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measurements based on the capillary flow method, it showed 
the viscosity of liguid helium dropping by many orders cé 
Magnitude to an immeasureably small value when the ten 
ture was lowered through the lambda-point. The appare 
contradiction between Keesom/MacWood and Allen/Misene 
Kapitza is really no contradiction. The former was merely 
cbserving the effects of the "normal fluid" component of the 
helium solution while the latter was observing the affects 
of the "superfluid" component. [RiswewOublurd Concept: will 
be discussed in the next section. 

Although liquid helium has been used in experimental 
laboratories for many years aS a refrigerant, 2tS unique 
behavior and unusual properties were not realized until the 
early 1930's. 

One of the most unusal features of He II is that varia- 
tions of temperature propagate through the liquid not 
according to the usual Fourier equation, but aS a true wave 
motion whose velocity is independent of the frequency. 
These temperature? waves are entirely analogous to ordinary 
sound waves, except that the tnermodynamic variables are 
temperature and entropy and not pressure and density. 
Therefore we can excite temperature waves with a heéter ina 
resonance tube, and pickup standing waves using a thernon- 
eter as a detector. This very unusual type of heat 
propagation is known as second scund [Ref. 14]. 

A very strange phenomenon was discovered in 1938 by 
Allen and Jones [{Ref. 15}. They wer? interested in heliun 
conductivity measurements and what thay observed was truely 
unexpected. The experiment consisted of a reservoir anda 
smaller vessel, both filled with liguid helium and connected 
by a very fine capillary. The sét up is shown in Figure 
1 atc 

When heat was applied to the inner vessel, they observed 
that the inner heliuga level rose slightly above that of the 


reservoir. 
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In a subSequent experiment, using a narrower inner vessel, 
they observed a jet of liquid helium rising from the upper 
end of this narrow vessel to a height of several centime- 
wersS. This became known as the "fountain effect", ong 
thermcemechanical eff<¢ct. 

What Allen and Jones demonstrated is that you cannot 
trust intuition to predict the behavior of liguid heliuna. 
In the fountain effect, contrary to expectations, the hsat 
current goes in a direction just opposite to the heliun 
current. I+ would seem that ia liguid helium, heat and mass 
transfer are strongly joined. The inverse of this fountain 
effect, or the mechanocaloric effect, predicted by Tisza 
(Ref. 16] and discovered by Daunt and Mendelssohn [Ref. 17], 
consisted of allowing liquid helium to gravity fiow out of 
its container through a capillary filled with a fine emery 
powder. As a result, the temperature of the liquid above 
the capillary rose while the tamperature of the Liquid 
helium below the capillary dropped. . What this implies is 
[ee the dJliguid which passed through the capillary is 
feeecerenc than the bulk liguid in the container from which 
it came. Again, this alludes +o tne existance of a two 
fluid behavior, where one is capable of passage through 
restricted areas while the other is not, and the thermal 


properties of these two components are very different. 


C. TWO-FLUID MODEL 


It should be pointed out a¢ th? onset that the phenome- 
mocical picture Knewn as the “two-fluid model" is able to 
correlate the unusual properties of He II with the thermody- 
namic functions as long as the heat and mass currents are 
Mee too large. This requires that we deal with heat fluxes 
that are linearly proporticnal to the temperature gradients. 
Even in this linear region the heat flow is far greater than 


that observed in other substancés. 
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As mentioned in the previcus section, two methods were 
used to determine the viscosity of He Ii. One consisted of 
measuring the viscous resistance to flow (Keesom/Ende) and 
the other the viscous drag on a body moving in the liguid 
(Keesom and MacWood). These two méthods produced two seen- 
ingly different results that would indicate He II is capable 
of being both viscous and non-viscous at the same time. 
This apparent contradiction is the basis of the two-fluid 
modei, first suggestéd by Tisza (Ref. 16]. It is in terns 
of this model that many of the properties of He II can be 
explained. 

The two-fluid model proposes that helium II behaves as 
Merce sere 4a fixture cf two fluids freely iatermingling with 
each other without any viscous interaction. The two parts 
are referred to as the normal fluid and superfluid compo- 
hents. This does not imply that it is a mixture of two real 
physical fluids. The liquid is an assembly of He* atoms 
Which are all identical, so that it is not possibie to 
regard some atoms as belonging to the normal fluid and the 
remainder to the superfluid. 

The assumptions cf the model are v2ry important. Below 
the Lambda-point liquid helium is capable of two different 
motions at ths same time. Each of these has its own ‘local’ 
velocity denoted Vn and Vs respectively for the normal fluid 
and the superfluid. Purthermore, each has its own effective 
Mass density, 9% and 9%. The-totale density @ of the He II 


is therefore given by 
we= ¢, + &- (eqn 1.47) 
and the total current density by 


et. Vn + 8 Vs Ce (eqn 1.48) 
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frais LMpOLecdnte te HOtTe that since the superfiuid flow 
has no viscosity it therefore dces not involve dissipation 
and is truly thermodynamicaliy reversibie. The normal fiuid 
flow does have viscosity and undergoes dissipation, but only 
Se a@ tate proporticnal tothe gradient of its velocity 
according to Landau and Lifshitz {Ref. 14}. 

London [Ref. 18] always believed in the macroscopic 
Mature of liquid helium. He drew attention to the fact that 
the behavior of liquid helium coulda at least be understcod 
in terms cf Bose-Einstein condensation. Sauplys stated, B=s 
condensation maintains that at a critical temperature 
(lambda-point for liquid heliua) 4 macroscopic fraction of 
an ideal quantum gas's molecul2s condense into the same 
single partical quantum state (the ground state). This 
Peaction 1s 100% at T 
lambda- point temperature for Taquid “hedium. London 


absolute zero and vanishes at the 


Meeoehesised that liguid helium ccuid in fact fit the guali- 
tative features of the B-E condansation mechanisa, 2Vven 
m=mougma 2+ 15 fot an ideal gas, due to its discontinuity of 
character at the lambda-point. Etezma stated thats the B=-E 
condenséd particles correspond to che superfluid component 
while the remaining excited particies correspond to the 
normal fluid. Furthermore, a singla discrets momentum state 
would méan that there is NOmecONtanVuoUls LPeduction of 
momentum, which would imply zero viscosity. The normal 
component then carries all of the entropy and is expected to 
have a viscosity comparable to that of He I. 7, Ree Lease. on 
of the fluid which is in the superfluid state, %/9, is 
expected to increas2 as the temperature is decreased. 

It should be clear that this model contains an explana- 
tion of the viscosity paradox. In the capillary flow exper- 
iment only the superfluid is mobile so the liquid exhibits 
neevViSscosity. The damping of the rotating disk was due to 
the drag exerted by the normal component. The observed 
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decreas? inthe damping as the temperature decreased is 
attributed in part tc the decrease in the amount of normal 
fluid available. 


D. FIRST AND SECOND SOUND 


That in liquid helium a new kind of wave propagation 
Should be possible, was predicted by Tisza [Ref. 16]. He 
suggested that there should be the pressure wave of ordinary 
sound where the twc components move in phase with each 
other. Additionally, there should be another wave in which 
the motion of the ‘two components are 180 degrees out of 
phase. This second wave would b2 a compression wave of 
entropy acccmpanied by periodic flucuations of the tempera- 
ture, and the mass density would remain almost constant. 
This new wave would have to be excited by periodic heating 
of the fluid and the conseguence would be that entropy 
density and temperature could be the oscillatory parameters 
in a wave équation. 

For ordinary sound the conservation of masS gives us 


(99/gt) + div J = 0 (eqn 1.49) 


where J is the center of mass momentum (equation 1.48), and 


from the linearize-inviscid Euler equation of hydrodynamics 
(QJ/gt) + grad P =0. (eqn 1.50) 
Eliminating J leads to 
(929/yt2) -q2P = 0 (eqn 1.51) 
and for adiabatic processes, 


(929/3t=) - @P/8), y?P = 0 - 
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This is the ordinary sound eéquation, a wave equation for 


mass density or pressure wave, whers 
U(I)* = (dP/d§), (eqn 1.52) 


is the square of the ordinary sound velocity. 

For the development of tne wave equation for ther 
waves we follow the dérivation of Gogate and P 
{Ref. 19] but still neglect non-linear terms and confines 
ourseives once again to the reversible process. Scadrcing 


with the equation for the conservation of entropy 
(9¢S/at) + div(gs WwW) = 0 (eqn 1.53) 


which explicitly contains the assumption that the entropy 
flow follows the normal fluid. 
The kinetic energy density of this two-fluid system can 


be expressed as 


E = (1/2) (% V2 + &, V2) (eqn 1.54) 
Em (1728) ( 3, ¥, + So Ve) 2 + EM (eqn 1.55) 
where EY = (9.%/28) (Vv, -¥W)2 . 


The term E" is called the kinetic energy of internal 
convection while the first term is considered to be the 
kinetic energy of the actual mass transfer. 

If work is done reversibly by transferriag the heat (Q) 
from temperature Le (T-dT), tne second law of 
thermodynamics requires that work (W) be expressed as 


W = (QdT) /T . 
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Gomer2dering a thin layer of helium of thickness dx in 


which thé temperature varies by dT, the heat current becones 
q =9ST Ww (eqn 1.56) 


and is assumed to fropagate perpendicularly through the 

layer. It carries the heat (gdt) through a square centi- 

meter of the layer ina finite tine (dt). AS stated 

earlier, this process must be reversible, therefore the werk 
q(dt) (42/t) =@SeW dT (dt) 

has to be done. Tisza proposed that this work would be 

required to change the kinetic energy of internal convection 


fee per unit area of the layer of thickness dx: 


dE"e(dx) = -9S V. dT (dat) (eqn 1.57) 
or 
dE"ydt = -%s we e grad T) . (eqn. 1453) 


Due to the fact that the thermal expansion coefficient 


is so small wa can Say that for tharmal oscillations 


i= % Vv. + % Vo = 0 (eqn 1.59) 
and 
gy7at = 0, (eqn 71.60) 


which yields 


Eee (6 9/28.) V2. (eqn 1.61) 
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Substituting equation 1.61 lato equation 1.58 we see that 


a So) Vn clin Jit) = -SS(¥, ¢ goad T) (eqn 1.62) 
cr 
(av, /dt) + UR Zi) S epsilon (ae (eqn 1.63) 


Weomecnaidermecnms like V., grad T, grad Spa@S/dt, stc., 
Sememai. Of Tirst order, and neglect products of any two of 
miese quantities. ic meciMoveamicutOmNclinmanate Vv ic 


equations 1.53 and 1.63 and get 
(92S/9t2) - (36/9.)S2 div (grad T) =0. (eqn 1.64) 


When the process occurs at constant pressure then we are 
left with a very interesting equation which does have a 


familiar "form", 
(CPp/T) (92T/At2) ~ (8,/8,) S? div(grad T) = 0. (eqn 1.65) 


This is a wave equaticn for the temperature. The sane equa- 
[ron aisO holds for the entropy (S). When we compare this 
equation to that for ordinary sound we are struck by the 
Similarity in format. Therefore, we know that the propaqa- 


tion velocity for these thermal waves can be expressed as 


ier) = = (3./S$.)(S* T/Cp] - (eqn 1.66) 
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Ee. OUTLINE OF EXPERIMENT 


This experiment enablés us to obtain che absolute sensi- 
meeveries of ¢€hermal transducers, in situ. Macy hindi ea | 
plane-wave resonator has been constructed which is closed at 
either end by capacitive porous diaphragm transducers 
fief. 20 j. In addition, one end also has an acoustically 
transparent "spiral web" electrical neater (thermophone) and 
the other end has a low mass carbon composition electricai 
resistance thermometer. + A figure of the resonatcr, and its 


components, is shown below. 
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Figure 1.9 Schematic of Experimental Resonator. 


Ata variety of temperatures the following procedure was 
used tc calibrate one of the three reversible transducers 
fewo eGClectrostatic, one resistive). The transducer +o be 
calibrated (designated R for reversibls) will be driven at 
resonance with current I and used as a speaker. One of the 
other two reversible transducers will be used aS a micro- 
phone (M) to determine the resonant frequency f(n) and Qn) 
of the n-th plane-wave resonance. Peem Whaae MOnlL torinc 
the output of M, a third transducer will be driven at f(n) 
untii the output of Mis again the same value observed when 
R was being used as the source. In this way the sound field 
has been recreated. The open circuit voltage of R wili then 


be recorded. 





Thies wel) be sufficient to determine the sensitivity of 
Rat f(n) from the reciprocity relation and known thermcay- 
hamic parameters [Ref. 21]. A comparison of the output 
voltages of the other two sxeversible transducers to the now 
calibrated third transducer wiil determine their sensi- 
tivity. It is then possible t9 rspeat the reciprocity 
sequence uSing one of the other reversible transducers and 
in that way make a "round robin" consistency check. iiLs 
was done at a@ variety of temperatures for several plane-wave 
resonance modes. 

To determine whether the reciprocity results are beth 
consistent and absclutely correct, it is necessary to 
compare the calibrations obtained by the above procedure 
against a "primary" standard. This is done in two ways: 

(1) Knowing the electrical power being generated in the 
heater and the resonance Q, the theory of superfluidity 
allows us to calculate the second sound amplitude in the 
resonator [Ref. 22] if we assume all of the heating (at 
twice the frequency of the driving current) results in 
the generation of second sound. Although nost of the 
oscillating energy appears as second sound, a4 small 
fraction will leak out along cae electrical leads and 
therefore the sound amplitude obtained in this way will 
pe an upper bound. 


Mee the carbon resistor, blased with a constant current 
source (Db), will generate an oscillating voltage of 
amplitude 


Sv = (aR/dv) §r rb), 

where §f is the amplitude of the temperature oscilla- 
tions generated by the second sound resonance {Ref. 23]. 
Since (dR/dTf) can be determined in a static calibration, 
the finite frequency effects due to the thermometer heat 
capacity and thermal conductance and Kapitza resistance 
will make the sound amplitude measured in this way a 
lcwer bcund. 
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The sensitivities of the above transducers are expected 
SPemeratiewithin the weper and lower bounds if the reciprocity 


method 1s correct. We will show in chapters I¥ and V that 


these bcunds fcrm Qpeatey wClOse ceiling and floor 


limitation on these sensitivities. 
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fi. THRORY 


Aw. INTRODUCTION 


The principle of reciprocity was first introduced into 
acoustics by Rayleigh in 1873 when he derived the reci- 
procity relation for a system of linear Equations and gave 
"a few examples (to]} promote the comprehension of a theoren 
which, on account of its extreme generality, may appear 
vague" f[ Ref. 6]. He cited physical examples in acoustics, 
optics and electricity and credited Helmholtz with a deriva- 
mien Of the result ipa uniform, inviscid fluid in which is 
immersed any number of rigid, fixed solids, pointing out 
that the principle "will not be interfered with" even in the 
presence of damping. The first physical example of the 
reciprocity theorem given by Rayleigh, and the most relevant 
for the discussion of the calibration of microphones, is the 
following: 

LeveAwand Baepeo@ two Panes Gf a Uniform or 

variable stretched string. Diy ea per loedac 

transverse force acts at A, the same vibra- 

tion will be produced atB as would have 

ensued at A had the force acted at B. 
This technigue has been central to the davelopement of 
acoustical science [ Ref. 24}. AS previously pointed out in 
Chapter I(A) the work by Maclean and Cook (Ref. 1] {Ref. 2] 
has been instrumental in the determination of absolute 
Sensitivities of electroacoustic transducers. 

Until fairly recently, the vast majority of the applica- 
tions of the reciprocity method have been restricted to two 
standard geometries [Ref. 25]: Poe £ap field of a spheri-~ 


cally radiating point source, and a pressure coupler whose 
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dimensiors are small compared to the wavelength of the sound 
involved. In 1978 Rudnick (Ref. 4&4] demonstrated that the 
acoustical transfer impedance previded the necessary cali- 
Beaton ccnstant and calculated the reciprocity relation for 
calibration in plane-wave and Helnholtz resonators. The 
validity of the expression ina plane-wave resonator has 
been demonstrated experimentally [Ref. 5) {Ref. 26]. 

Recall from chapter I(B) that thermal waves, initiated 
by variations in température and entropy, propagate within 
He II. This was referred to as second sound {Ref. 14]. 

The purpose of this section 1s to extend the technique, 
long recognized as the méthod of choice for absolute cali- 
braticn of acoustic transducers, to reversible, linear, 
second scund transducers, and thereby provide a method for 
precise, absolute teasurement of temperature oscillations in 


superfluid helium without use of a primary standard. 


B. ACOUSTIC TRANSFER IMPEDANCE 


hecail rom Chapter IT(A.2), equation 1.35, that 
Z2= S/M = constant. 
Also, the absolute sensitivity can be found Dy equation 1.36 
Mo = [V (2)/(2I (1) Z) }!' 72 
It then follows that 


S = [V(2) Z/1I(1) ]! 72 (eqn 2.1) 
im Ghapter IT(A.2) itwas stated by equation 1.35 that Z 
represents the acoustical transfer imp2dance. Tien, 


referring to Figure 2.1, 


Z = P(2) /U(1) (eqn 2.2) 
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oy) 


where P(2) is the pressure at the face of transducer 
caused by the volume velccity, tle generated by 


transducer 1. 


1) (2) 





Figure 2.1 Reversible Transducers Coupled by Acoustic Mediun. 


The volume velocity is Simply the mass flux divided py the 
mass density of the medium coupling the transducers, J/?. 
This acoustical transfer impedance can, in principle, be 
calculated for any geometry. Leese the seceo Cf ths 
specific acoustic impedance of the medium, §c, to a geome- 
Memeal factor with the units of area. Here, C.is* sthes 
thermodynamic speed of sound in the medium. 


For a spherically radiating source in free space 


(Ref. 1} this geometrical factor is 2ra, where A is the 
wavelength of the sound and © is the separation of the 
acoustical centers of the source and receiver. FOr. <two 


transducers enclosed ina rigid walled enclosure [{Ref. 4], 
all dimensions of which are much smaller than A, the geone- 
@emcal factor is 2™MV/A, where V is the enclosure volume. 
For plane wave propagation in the rigid walled tube 
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Phetamezve ot Cross-Sectional area A, the factor is simply A. 
Under resonant conditions, the geometrical factor will 
include the resonant quality factor, Q, and the mode number, 
n, if there is a spectrum cf resonances. For a Helmholtz 
resonator [Ref. 4] the equivalent area is [4WV/QA ]; for a 
plane-wave tube [Ref. 5] of cross-sectional area "A" the 


geometrical factor is 


NTA/2Q(n). 
Wwe now know from the calibration procedure given in 
chapter I (E£) that "round robin" measurements can bse 
obtained to determine the sénsitivicty (mM) and source 


Seeength (S) of the reversible transducers of Figure 1.9. 

It should b2 noted that equations 1.52 and 1.66 nake 
clear the symmetry which exists between pressure and density 
for first sound and temperature and entropy for second 
sound. It is this symmetry which will be exploited in the 
following section to create the expression which will permit 


reciprocity calibraticn of second sound transducers. 


C. SECOND SOUND ACOUSTICAL TRANSFER IMPEDANCE 


In the previous section (3B) SE ents Cnapeen, it was 
Shown that the acoustical transfer impedance was required to 
Bemeconstant for reciprocity Galesjeatvons »- ln) Classical 
fluids, and that quantity was the ratio of the pressure to 
the mass flux. TO incorporate difrerent geometries, this 
constant was written as a specific acoustic impedance 
divided by a geometric factor with the units of area. ite 
write the expression necessary to perform the same type of 
absolute calibration of a reversible secend sound trans- 
ducer, one need only write the analogous expressions for 
sensitivity, (2), source strength, S$(2), and the transfer 
impedance, 2Z(2), appropriate to second sound. 
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As second sound 1S a temperature-entropy disturbance, 
the logical definiticns for sensitivity and source strength 
are 
xducer open ckt volts/ Str at surfacs 


M (2) 
S (2) 


or thelr conjugate short circuit current sensitivity and 


= 


St ate maGeelece tion / driver current 


veltage source strength. If heat flux rather than entrepy 
flux is more practical, then S(2) can Simply be multiplied 
by the ambient temperature, T(o). 

As before, the Reciprocity Theorem requires that if the 
transducer is reversible and linear, 


S$(2)/M(2) = 2(2) = T(2)/78S V (1) (eqn 2.3) 


where T(2) a1s the amplitude of temperature oscilations at 
the receiver created by an entropy flux (9§S5 Vi (1)) 6 
generated by the transmitter. 

The transfer impedance can be evaluated by expressing 
both the temperature oscillations and the normal fluid 
velocity in terms of the superfluid velocity. The necessary 


relations fcr second sound ar2 given by Landau [Ref. 14] 


& { 2) oS ~U (IT) Ve Vie 
Vm = - (9/8) ( 1- (BP/9,S) (U (I) 2U (II) 2/7 (U (I) 2-C (II) 2} ¥% 


se 


Va = - (95/8) [ 1- oC] Vs 


where oc¢ represents the second term inside the brackets, Cp 
is the specific heat at constant pressure and ¥% is the 
lsobaric coefficient of thermal expansion. Swpstac ating 
equation 2.3 yields 


Z(2) = T(o)/L AG U(II)Cp(1-c)). (eqn 2.4) 


For all temperatures between 1.0 9K and 2.17 °K, & is 


less than one percent. its Sw wOceneooumeing Out that this 
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Bosiucwadatcers Lrom that Of Other authors due to the choice 
or entropy flux as the conjugate to temperature. Atkins 
(Ref. 28] derives an equivalen= result which differs bya 
factor of T(o) in the limit that 7 = 0 Spmcewhe deftones 
the characteristic impedance as the ratio of temperature to 
heat flux. Pellam [{Ref. 29] chooses the less practical but 
equivalent definition of impedance as the ratio of “osmotic 
pressure" to counterflow velocity and again treats 3 = 0. 

Using equation 2.4, we can now write the absolute 
sensitivity of a reversible and linear second sound 
transducer as 

es (2a Sel Ad 11) oe 
M* = { U(II) Cp(1-0C)/T (0) }! 72 
where 'A* is again scme effective area which depends upon 
the acoustic geometry which couples the source and receéiver 
as discussed in section (B) of this chapter. mM* is the 
temperature dependent calibration constant. 

It is worth pointing out that a previous attempt to 
derive this result [ Ref. 30] has baen shown to be incorrect 
(Ref. 31] because the resulting expression contained a 
transducer dependent quantity. 


D. SECOND SOUND RECIPROCITY CALIBRATION CONSTANT 


The calibration constant, M*', has been evaluated using 
the UCLA second sound speed data [Ref. 32] and the derived 
hydrodynamics {Ref. 21] in Table II and Figure 2.2 for the 
saturated vapor pressure. The behavior of this constant in 
the region from 1.2 °K to 1.99K has the experimentally 
convenient feature of being linear in temperature. The 
points in figure 2.2 are the data of Table II. The straight 
line is aleast sguare fit to the points between the 
temperatures 1.2 9K and 1.9 °K, given by 


M¢ (tT) = 2.176 T - 1.775 
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second Sound Reciprocity Constant. 
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with units cf [watts!/2/(mn-9%K) }. Diewecerretata On (coer fi— 
cient of the fit is 0.9997 which corresponds to a standard 
deviaticn of less than 0.7% over the 15 temperature points. 
The linear behavior can be understood as a consequence of 
the thermodynamics of an ideal Bosé-finstein gas and the 
itisza approxination"™. Neglecting tne smali correction due 
to the expression coefficient, 2(2)2 can be written 


Ze) 92( 35/3) (S/F) S (9S/gT] .« 
For the ideal Bose-Einstein gas S = 1.284 (T/Tc)2/3 where 
Tc is the condensaticn (transition) temperature {Ref. 33], 
so S(dS/QT) is PRCCeCEtIONal to P<. If the entropy is 
carried only by the nermal component and the entropy of the 
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normal component is assumed constant, then S$ = § S, and 
(7 i 1s teiperatuce independent. This is known as the 
Tisza approximation [Ref. 34], which is found to be correct 
above 1.2 9K. Although §,/§ is a strong function of temper- 
ature near the lambda-point, the square root of its value 
rapidly approaches one below 1.3 9K. The total density is 
very neariy temperature independent. 
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III. APPARATUS 


A. CRYOSTAT 


Figure 3.1 is adiagram of the dewar and associated 
suppecrt piping systems. The pifring and tubing sysrems are 
primarily ccpper with silver brazed joints, although rubber 


vacuum zcubing is used in swall sections. 
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Figure 3.1 Dewar Support Piping Systems. 
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1. The Probe 


The probe pictured in Figura 3.2 provides mechanical 
support for the experiment inside the dewar, Crect xr cal 
connections between the transducers and the room temperature 
electronics and a means of introducing liquid heiium into 
the dewar. 

The liquid helium fill tube is made in two sections. 
The first section is the portion that resides outside the 
dewar area in atmospheric conditions (Heliun Recieving 
Tube). ties seen aon momememo 2ren (20.32 cm) long, 15 mil 
(09.038cn) Well and O2G62=anch (1.68 cn) outside diameter 
stainless steel tube. The second section is that porticn 
inside the dewar. This section is 58 3/8 inches (148.27 cn) 
feng, 9-8 mil (0.025 Cm} wali and 1/2 inch {1.27 cm) out 
side dianeter stainless steel tubing. The two sections are 
joined inside the top-plate. Tie difference in tubing size 
was necessitated in that the atmospheric section must be 
large enough and strong enough to accept and support the 
helium transfer tube, while the dawar portion of the fill 
tube has thin wall size which was choosen to reduce the heat 
deak (thermal conduction) from tha top-plate which is at 
room temperature. 

The dewar portion of the £311 tube, which also acted 
as the main support tube, has 1/38 inch (0.32 cm) diameter 
holes placed approximately every 8 inches (20 cm) along its 
length +o prevent Taconis oscillations [Ref. 35]. Dive “& wie 
tube has 4 heat shield assemblies that are attached to the 
central tube to reduce the heating of the helinm due to 
Stefan-boltzman, @OT%, radiation from the top-plate which is 
at room temperature. At the bottom of the fill tube is a 
Bakelite plate which supports the experiment. 

The top-plate is a 4 11/16 inch {11.9 cm) diameter, 
1/8 inch (0.32 cm) thick brass plate. 
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The Probe. 


Figure 3.2 
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The top-plate provides support as wall as providing the seal 
between the low pressure low temperature experimental area 
inside the dewar and the atmosheric conditions outside the 
dewar. The top-plate has the following penetrations: 


(1) fi11 tube (helium recieving tube) 


(2) hermetically sealed, dual BNC recepticle box which 
allows two way electronic communication between roon 
temperature electronics and the two capacitive end 


plates of the resonator 


(3) a BNC connection which provides a signai path to 


the resonator resistor 


(4) a 1 anch (2.54 cn) high 9/16 inch (0.46 cn) 
outside diameter brass tube whicn contains 4 twisted 
pairs of wire which is passed through a hermetic seal 


in the tube. 


The 4 twisted pairs are used fer a 4 terminal connection to 
a calibrated resistor used for temperature monitoring during 
cooldcwn and the second sound drive heater ine vehe 
experimental cell (rescnator). 

The heat conducted to the aelium by the thin walled 
Stainless steel tubing supporting che experiment was calcu- 
lated by using the following information from Goodall 
(Ref. 36]. For a 10 cm length of stainless steel tubing of 
imeeanch (1.27 cm) O.D. with awall thickness of 6 nils 
e002 Ci), cunning from 300 9K t5 4 9K, will conduct 184 
mWatts of heat. As the distance from the helium surface to 
the top-plate was typically 110 ca, the central tube 
Bemucabuted a heat load of 27.9 nwWatts. 

The heat calculated for the 4 twisted pairs (8 wires 
total) of #32 gauge (Brown and Sharp) copper wire (164.5 
cn/wire) was performed using the following data fron 


Reference 4Q. A 10 cm piece of #34 British wire gauge with 
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a crosséecticnal area cf 0.429 X 10-3 cm2 , with one end at 
300 9K and the other end at 4 9K, provides a heat leax of 
G>.2  mWatts. Multiplying by a crossectional area ratic 
between #34 gauge and #32 gauge wire and the number of wites 
and then dividing by the length ratio results in the twisted 
pair heat lcad of 23.7 mWatts. 

The two coax cables, with crossectional area of 
0.0065 cm? and length of 110.9 cm were modeled as thin 
walled stainless steel tubes since no heat load information 


for coax cabling was readily available and the contribution 


Seethne teflon insulation is insignificant. Agama tol Lewin 
Goodall [Ref. 36] the following calculation was made. A 10 
cm long piece of 1/2 inch (1.27 cn) 0O.D. stainless steel 


tubing with a crossectional area of .0098 cm? running from 
300 9K to 4 9K conducts 30 mWatts. Scaling the 30 mWatts by 
the crossectional area ratio divided by the length ratio 
times the number of coax cables yielded a heat leak of 3.6 
mWatts. 

The calculation of heat input (worst case) due to 
the contributions of the individual elements discussed above 
1s summarized as follows: 


moON WALL TUBE 27.9 aWatts 
IWISTED PAIRS 23./7 aWatts 
COAX CABLE 3.6 mWatts 
TOTAL 55.2 aWatts 


A run was conducted on 27 October 1982 to determine 
an actual system heat leak. A plot of Helium Height (cm) 
verses Time (minutes) over a period of 400 minutes resulted 
in a slope of -11.6 X 10-3 cm/min with a correlaticn coeffi- 
erent Of 0.997. This slope was converted into a boil-off 
rate and multiplied by the latent heat of vaporization of 
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helium at 1.65 9K (L=3.27 Joules/cc) [Net-eeo7 tO qWaoeld 
experimentally calculated heat leak. For this case the leak 
ms of mW¥atts, which is in excellent agreement with the 
previous analysis. This heat leak rate permitted 82.2 hours 
of run time and a minimum temperature of 1.4 9K using the 15 
CFM pump assuming no energy input to the system. ue tact 
that our worse case calculations exceeded the cbserved 
d¢pletion rate, hence power input, indicates no significant 
unknown beat leaks exist within the dewar. 


2. Dewar System 


All experiments were performed in aglass_ double 
dewar system. The inner d2@war is 4 inches (10.16 cm) inside 
diameter. The temperature of the helium bath is reduced by 
pumping away its vapor with a Kinney vacuum pump, Model 
KC-15. The connecticn between the pump and the dewar is by 
means of a 21/4 inch (5.7 cm) outside diameter pire which 
tapers to a 11/2 inch (3.8 cm) outside diameter pipe. The 
11/2 inch 0O.D. line has an isolation valve which isolates 
the pump from the dewar. 

The helium bath temperatur2 is determined by meas- 
uring the vapor pressure of the helium and converting it to 
temperatur2 by Cubic Spline interpolation {Ref. 38] using 
tables based on the 1958 He temperature scaie [Ref. 39]. 
The pressure is measured by a MKS Baratron, head type 370 H, 
With a 00-1000 mmHg range. An analog voltage output which is 
Proportional to the pressure is sent to the computer 
controlied data aquisition systen. The reference side of 
the differential head is backed by a diffusion pump so the 
pressure reading can be regarded as absolute. 

A vacuum drop test of the dewar, covering a three 
day period resulted in the following: 

(1) first 24 heur period leak rate was 0.154 mmHg/hr 


(2) three day period leak rate was 0.120 mmHg/hr . 
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Since the volume or the inner dewar space is 12.15 liters 
this corresponds to aleak rate of 0.0048 standard cc/sec. 
This rate is sufficiently small to allow operation of the 
experiment for periods in excess of 50 hours. Nome Lugmor 


the inner dewar space was visible at any time. 


3. Temperature Control (Pressure Control) 


Tempsrature was controlled by controlling dewar 
pressure and thereby ccntrolling the vapor pressure of the 
helium contained within. The pressure is controlled by the 
use of a manostat [Ref. 35]. The manostaz 15 located in the 
dewar vacuum system between the 1 1/2 inch (3.8 cm) O.D. 
isolation valve and the dewar itself (see Fig 3.1). 

The manostat shown in figure 3.3 is a6 inch (15.24 
cm) isaGcmGteameter GS inch 8 ({'.o2 CM) deep cylindrical 
aluminum vessel. The top is constructed out of 1/4 inch 
eos5 cm) thick clear polyethylene. The manostat has four 
plping penetrations. TVOearCmmmlycmines (2.595 Cm) O.D. 
which are used to place the mancstat in the vacuum systen 
between the vacuum isclation valve and the dewar. The pene- 
RaetLons protrude 1 1/2 inches (3.8 cm) into the vessel 
eag@taily from opposite directions leaving a 3 inch (7.62 cn) 
gap between them. A condom (Shiek Resarvoir End Sensi-Crenme 
Lubricated) with the end cut off was placed over the ends of 
the two protrusions and is held on each end by an O-ring. 
This flexible membrane acts as an extremely sensitive 
coatrol valve. The other two penetrations are 3/8 inch 
(0.95 cm) outside diameter. One connects to a reference 
flask and the other connects through an isolation valve to 
the dewar side vacuum line to sense dewar pressure. 
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With the isolation valve in the open position, the 
cressure inside and outside the membrane are equal, allowing 
the memkrane to remain in an uncollapsed state. This 
permits the vacuum pump to continue to evacuate the dewar. 
When the desired pressure is reached (2.5-30.0 mmHg) the 
isolation valve is shut. The pressure in the Gawar at the 
time the isolation valve is shut is the pressure felt and 
maintained on the outside of the membrane. Theme pside Of 
the membrane is sensing present d@war pressure. ihe aie 
dewar pressure drops below the desired pressure, +h¢ pres- 
sure inside the membrane drops beiow that maintained on the 
outside of the membrane causing i to collapse and thereby 
isolating the vacuum pump from the dewar. As the liguid 
helium evaporates and vapor pressure increase tae pressure 
inside the membrane also increases. when the dewar pressure 
exceeds the pressure maintained on the outside of thse 
membrane the condom begins to expand and once again opens a 
path retween the vacumn pump and the déewar to allow the 
pressure to be decreased and thereby decrease the systen 
temperature. 

This manostat was found to be quits reliabie and was 
able to maintain a ccnstant pressur2 to within 0.025 mmHg 
over a one hour period. This relates to an approximate 
0.004 degree Kelvin temperature change over the same time 
pericd in our temperature range of concern. 

The choice cf condom was found to be suprisingly 
important. Several different types and brands were used but 
the Shiek Sensi-Creme Lubricated was found to be most pres- 
sure sensitive and capable membrane for maintaining a 


desired pressure. 





Be. TRANSDUCTION 


A cylindrical plane-wave resonator gecmetr was 
determined to be the best choice for testing second sound 
meca procity calioration. The siow speed of second sound 
U(iI) is less than 20 m/s and the consequent shortness of 
wavelengths limits the frequency range of a coupler to 
inconvenient dimensicns. While restricting our experiment 
to a jimited number of operating frequencies, at a given 
temperature, the plane-wave resonator guarantees a weli 
defined geometry, plane wavefronts below cut-off for higher 
order modes [Ref. 40], and simplicity or design. 

A schematic diagram of our resonator, previously 
illustrated in chapter I(E), is repeated here in Figure 3.4. 
A picture of the actual experimental resonator is shown in 


pogurcre 3.5. 


rlectrostactic Electrostatic 


Transducer Transducer 





Hearer Thermometer 


Figure 3.4 Schematic of Experimental Resonator. 
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Figure 3.5 EX perimental Resonator. 


The resonator is made of brass (5.0 cm in length and 
2-54 cm OD) and has been longitudinally bored (1.43 cm ID). 
The two cylindrical endcaps contain 2poxy (slanted lines) 
insulat2d metal "buttons". When combined with transduction 
elements which incorporate electret technology [Ref. 41], 
they form two reversible, mechanical and electrostatic 
second sound transducers. Mice Om-dot wcoumectonrs on each end 
provide an electrical interface to make positive electrical 
connection to the grounded endcaps and the electrically 
ioe buttons. The button faces have been lightly sand- 
blasted to improve their sensitivity when they are used as 
the hot electrode in an eiectret microphone consisting of 
the button as a backplate and the alectret as the pressure 
Sensitive diaphraga. The endcaps contain a very narrow and 
Shalicw trough on their face which mates with the resonator 
body, thus providing a free flooding port for liquid heliun 
to completely fill the experimental chamber. 
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The heater has been constructed from insulated #41 
manganin wire. The wire (0.0057 cm diameter) was found to 
offer 51.66.s2/ft using an HP-3456A multimeter with null. 
The wire was fashicned inte an acoustically transparent 
Mweb". It is used to generate thermal waves (second sound). 
A picture of the heater is provided in Figure 3.5. 

The thermometer has been fabricated froma an 
Allen-Bradley carbon composition resistor (1/10 watt) which 
has been sanded to fcrm a thin slab. This type resistor was 
Sresen duc to its high differential resistivity [d(qin R)/dt] 
in the 1-2 9K range. < can be calibrated against the vapor 
pressure curve { Ref. 39] and then used as a detector (micro- 
phone) of second sound. In a later section (Transducers: 
Thermometers) we discusS our attempt +0 improve on the 
Allen-Bradley thermcmeter and our motivation for improve- 
ment. A picture of our resistive thermometer is provided in 


Eaqgurce 3.6. 
2. Transducers 
a. ELectret-type 


In our resonator the pressure disturbances, as 
well as the counterflow of the super and normal components, 
are detected uSing the electret microphone (Ref. 42] which 
consists of an aluminized sheet of 1/2 mil (12.7 am) thick 
FEP teflcn laid on the endcaps with the aluminized surface 
away from the butten. A large gquasi-permanent charge 
density, q , of the crder of 10-7 coulomb/cm2? [Ref. 43] is 
deposited in the aluminized teflon by placing it in an eléc- 
mere, field. The membrane is pclarized by ovolacing it, 
aluminized side up, ona sheet of ordinary window glass and 
applying 12-18 KVDC across the aluminized surface and a 
conducting plate under the glass. hoe eleceric f2eld is 
maintained for approximately 1-3 Asurs. Then the electret 
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Figure 3.6 Resistive TIharmometer. 


is removed from the glass and placed over the sandblasted 
electrode (button) tc which it adheres due to electrostatic 
forces. Holes for the fastening screws, which tightly sand- 
wich the endcap to the resonator body, and random slits, for 
passage of He II, are cut in the electret with a scalpel. 
This can be sean inthe following figures which show 
pictures that were taken of our slit-electrets using an 
electron microscope. Figure 3.7 gives an overview of a 
typical electret showing the random number of arbitrarily 
placed slits. In Figure 3.8 it is possible to see the 
detail of the slits, especially noticeable is the jaggedness 
cof the slits andthe areas of apparent arcing that has 
occurred during testing. From such slit-electret resonators 
we were still able to consistantly obtain spectral diagrams 
which clearly showed multiple resonances, as illustrated in 
Eeoure 3.9. 
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Figure 3.7 Overall View of Electrets (x20). 
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Figure 3.8 Close-up On Electret (x120) and Slit (x600). 
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Wen an Gscillating voltage of frequency w is 
applied between the electret and the button, the driver acts 
like an electrostatic speaker coupied directly into the 
resonator. Since the electret has a stored charge which has 
been found to have an equivalent bias vecltage ranging fron 
150-210 volts [Ref. 44] the sound generated by the driver 
will also be at w without an external biasing voltage. 

Within the resonator, pressure and super/normal 
fluid component counterflow are detected using the electret 
device aS a micrephone. Therefore, a voltage is generated 
ketween ground (rescnator body) and the button wnaenever 
there is an oscillation of the membrane. This causes the 
membrane to deviate from its eguilibrium position and 
thereby changes the capacitance between the electrode and 
the aluminized surface. The charge on the electret is fixed 
and Q = CV, where Q=QMA andA is the surface aréa of the 
button (almost 0.25 cm*), C and V are the capacitance and 
equivalent volteége across the aluninized surface and the 
kackplate. When the membrane is displaced by a small amount 


we can let 


C = C(o) + Sct) (eqn 3.1) 
and 

V = V(o) + $v(t) (eqn 3.2) 
and 

mae (t} 70 (0) ] = (- $¥(t)/¥ (0) } (eqn 3.3) 
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where V(t) is the time varying voltage generated by the 
membrane displacement and V(o) is the equivalent bias 
voltage across the transducer dua to the stored charg¢ 
density in the electret. As stated before, this equivalent 
bias voltage is approximately 150-210 volts for our typical 
electrets. This value was determined utilizing the circuit 


Grecigure 3.10. 
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Pigure 3.10 Détermination of Electret Equivalent Bias Voltage. 


While driving the electret of side A with the 
d.c.-bias voltage, the relative microphone (side 8) response 
is monitored. After plotting the relative response asa 
function of the increased bias voltage, a linear extrapola- 
tion of the reiative response to a "zero volt" condition 
yields, experimentally, the equivalent bias voltage, V(o), 
ef the electret micrcphone (sid2 B). Figure 3.11 shows some 
typical data taken at 293 9K. It 1s worth pointing out that 
this technique of measuring bias voltage worked equally well 
in helium or at room temperature. 

During the experiment it was necessary to deter- 
Mine, to as high a degree of accuracy as possible, the 
capacitance of these electrostatic transducers. In addition 
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Figure 3.11 Back-bias Volts vs. Received Acoustic Signal. 


MemcOLrLecting for the inherent capacitances of peripheral 
equipment and leads, covered in a later section, it was also 
necessary to account for the dead capacitance of the 
endcap-putton ensemble. This dead capacitance is the trans- 
ducer's capacitance without the eilectret in place. FOI our 
electrets the average value of dead capacitance was found to 
memes? + 1.4 pt. 

The process of driving an electret source (A) 
fmaeplcking up on an electret microphone (8B) is denoted 
FA/EB. This process was used in thé experiment to determine 
the product of sensitivities [M(A) M(B) ] by the Reciprecity 


Theoren 


M(A) M(B) = [V(m)/7(A(s) 2) ] 
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where 
mes = V(s) (2TMEC) , (Sqn 3.4) 


“fu rFeing the resonant frequency and C the driver capaci- 
tance. The parameter Z, as previously mentioned, depends on 
the measured values of Q and A f{areaj as well as some ther- 
modynamic quantities [specific heat, second scund speed, He 
It density and temperature]. Therefore, the resulting 


equation appears as 
M(A)M(B) = (G2MU (II) Cp§/ 16 JL V (m) 2 / (V(s) QECT) ] (egn 3.5) 


where d is the experimental chamber diameter, and the other 
parameters have been previously defined. The units of 
equation 3.5 ar2 (volts/ 9K)?*, as expected. 

In order to obtain the absolute sensitivity of 
our individual electret transducers we need to conclude the 
reciprocity procedure. We will choose to drive thermally 
(heater) and pick up on electret. This is denoted T/EA or 
T/EB, depending on which eléctreted side is to play the role 
of the microphone. The results of this approach will be «he 
ratio of the sensitivities... 

We now take great care to drive the heater with 
a voltage V (i) that is necessary to produce an equivalent 
response from side B as obtained when electreted side A was 
being driven? (the ckhcice of A or B is arbitrary). 

After the input and output voltages are 
recorded, the output response of side A is recorded, while 
the heater drive remains the same. 


. @We have found _that.this is an _unnecessary restriction 
Since for typical drive. voltages 9f interest to us and 
within the power limitations of the heater, the transducers 
respond linearly. 
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This then gives us 

M(A)/N(B) = (T/EA J/(T/EB J (eqn 3.6) 
where for the vaiues cbtained from T/EA we get 

T/EA = V(o)/V(i)2. (eqn 3.7) 
For the different set of values obtained for T/EB we get 

T/EB = V(0o)/V(i) 2. (eqn 3.8) 
Therefore by equation 3.6, 

M(A) = M(B) [T/EAJ/(T/EB] . (eqn 3.9) 


After substituting equation 3.9 into equation 3.5 we find 
ema c 


M(A) = (constant)[ available dataji/ée (eqn 135 10} 


and now M(B) can be determined from equation 3.9. As will 
be pointed cut later, there is sufficient data to determine 
M(B) using equation 3.10 and M(A) can be measured by compar- 
ison (equation 35.6). This provided a self-consistancy check 


of our procedure. 
be. Thermophone 


The heater element is made from ai.2 ft length 
of insulated manganin wire which has been folded in half and 
twisted. As previously stated this wire offers 51.65. /ft. 
The twisted wire was spirally-threaded through holes located 
in a mylar crossbar arrangement whose arms are only slightly 
shorter than the diameter of the resonator chamber. This is 
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to ensure a snug fit when the spiral heater is epoxied into 
place just within the chamber (recessed less than 2 mm) and 
Meterally cut of touch with the aluminized side of the 
electret transducer. Figure 3.6 shows the heater. 

The heater is driven by @& Sinusoidally time- 
vaying voltage at half the frequency of the desired second 
sound. Since the héating is proportional to the square of 
the applied voltage the generated second sound is at twice 
the frequency of the applied voltage according to Pelian 
(Ref. 22]. That this is true can be seen from the 
trigoncmetric identity, 


cos2(wt) = (1/2){1 + cos (2wt) Jj, (eqn 3.11) 


which shows that only half of the electrical signal deliv- 
ered to the heater gces into creating second sound (at 2w) 
mae the other half goes into d.c. heating of the fluid. 

In the previous discussion on electrets we were 
aple to use the Reciprocity Theorem to calculate the abso- 
lute sensitivities of our transducers without the use of a 
primary standard and with only easily obtainable parameters. 
But how good are these sensitivities? 

In order to determine whether these values are 
absolutely correct we must at least compare our calibrations 
against some standard. The theraophone principle can be 
used to set an upper limit for our calibration if we make 
the fcllowing assuption. Although only half of the signal 
delivered to the heater is instrumeatal in generating second 
sound, we calculate the temperature swing that would cccur 
if all of this power that is available (at 2w ) goes into 
the production of seccnd sound. Pellam has shown us hew to 
calculate the second sound amplitude; however, we know that 
there is always energy leakage at least along the electrical 
leads, and so calculations derived from this assumption are 
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surely upper oats s LOr expecred temperature Swings 
necessary te produce a given output. 

The derivation of the necessary equation to 
determine this temperature swing for tne thermophone follows 
from previously stated relationships which will not be 
restated here. The electrical power that is available for 
the production of seccnd sound will be e@gual to I2R where I 
is the rms current supplied to our heater of resistance R. 
A reinforcement factor of (20/n%), used for classical reso- 
Mator systems ( and used by Péelilam for n=1), will be used 
to enhance the temperature oscillation amplitud2 due to 


resonance. If we define 


power/Area = 9S VV T(0o) (eqn 3.12) 

T= -5o¥g/ 2 (eqn 3.13) 

Power/Area = -§$S T (0) i Ae? Oe (egn 3.14) 
therefore, 

Vs = - (Power) In / (8, § S T(o) Area). (egn 3.15) 


From chapter II and according to Landau [{Ref. 14], 


eo 
rH 
it 


-U(II) Vs /S (eqn 3.16) 


Sr 


U(II) [ (Power) $,/ (Area 3,3 1(0) S52) j (eqn 3.17) 
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the rew~enforcement factor must also be included, therefore, 
Sr = [U(II) 2Q (Power) avin) V{ Area S* n§nTt(o) } 


but since the specific heat at constant pressure is 
Sep = ($,/7§.) To) S24 / U(II)* , (eqn 3.18) 
then, 


Sr 


8Q V(i)2/[RE 2 n d2 Cp U(II) sqr (2) } (egn 3.19) 


where V(i) is the rms voitage into the heater of resistance 
R, nh is the modal number, anddis the chanber diameter. 
Therefore, with readily available data we are able to calcu- 
late, and thereby set, an upper bound for our reciprocity 


calculations nade earlier. 
c. Thermometry 


Thermometry, like the thermophone, is ta pr 2n- 
ciple that will be used to again test our reciprocity cali- 
braticn of thermal transducers within a quantum fluid. 
However, this time we will usé our resistance thermometer to 
set a lower bound for a temperature Swing producing a 
Baetacular cutput. 

The second sound generation (heater) and pick up 
by the carbon resistance thermometer is referred to as 
tnermal-thermal and is denoted T/T. The thermometer was 
fabricated from an Allen-Bradley 1/10 watt resistor. It was 
sanded down until approximately 1mm thick in order to mini- 
Mize its thermal inertia. The thermometer has been electri- 
cally interfaced with peripheral equipment by a micro-dot 
connector, thus making it modular, and fully shielded. 
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The principle employed in the resistance ther- 
mometer, for the detection of second sound, is that the 
resistance (8) is a function of temperature and if a 
constant current, I, passes through tne resistor, then the 
changes in resistance with temperature, dk/dT, appear as an 
oscillating voltage, Cv(t), which is proportional <o the 
temperature swings, NGF in the following way: 


Sv =z (drvat) 9§t (eqn 3.20) 
therefore the temperature swing can be determined by: 
St = Svy[rl dryvat). (eqn 3.21) 


Typically, our bias current, I, was set at 2.7 to 3.0MmA. 
The factor of dR/dT was determined by static 

Calibration. The calibration data is obtained while the 
temperature of the helium bath is bsing reduced. The vapor 
pressure and resistance are recorded each time the pressure 
changed by 0.1 mmHg. The temperature corresponding toa 
given pressure was found using the Cubic Spline method 
(Ref. 38]. The differential resistivity was calculated by 
making a least square best fit t9 an exponential in the 
temperature range of interest for each particular heliuno 
run. Figure 3.12 gives a sample of the data. The exponen- 
tial resistance was motivated by the semiconductivity energy 
gap activaticn model; and the exponential foro, 

R(T) = &R (0) expl[-cT ] 
was convenient for the expression of differential resis- 
Elvity 

of = (1/R(0) I(9R/OT ]- 
Table III shows tne thermometer calibration constant,oc, for 


Specific temperatures used during our experiment. 
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Figure 3.12 Thermometer Calibration Curve. 
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TABLE Lil 
Thermometer Calibration Constant 


a 
4H) 
=| 
a ©) 
r 
Oo 
A 


Resist. (Kan) ef (9K) -?2 
1.47 Sales -3.175 
le GomO2 -3.387 
ie AG MLL =2./3) 
Le 29.59 -2.205 
ic 2 ele -1.859 


| 


| 
| 
a 


Sr 


C. ELECTRONICS 


Three different methods were employed to generate and 
detect second sound standing waves. First one electret 
transducer was driven and the resulting second sound was 
detected by the remaining electret transducer. ioe seh 
tTemainder of this report this Will be designated as 
Electret/Electret or E/E. The second method was to drive 
the heater and detect the generated sound using one of the 
electret transducers (Thermal/zlectret; T/£). Bota electret 
transducers were used in data gatharing. After sufficient 
data had keen obtained using one electret transducer asa 
reciever the output was shifted cts the remaining electrez 
transducer and the data was obtained using that combination. 
The third method again drove the heater, but this time the 
thermally generated second sound was detected by its associ- 
ated temperature oscillations using a carbon resistoz, 


biased by a constant current, as the receiver 
(Thermal/Thermal; T/T). 
Ail three methods used a Sinusoidal drive signal. Due 


to the size and symmetry of the electret transducers and ths 
heater that gensrated second sound waves, all wave forms 
were assumed to be planar, and the harmonicity of the 
detected modes varified that assumption. 


res: 





In the following sections on transducer electronics, 
Electret/Electret, Thermal/Electret, and Thermal/Thermal tne 
He-3325A Synthesizer/Function Generator and the EG&G 
Princeton Applied Reasearch (FAR) Model-5204 Lock-ina 
Anyalyser are the output and input respectiveiy of the data 
acquisition system which is discussed oriefly in the RESULTS 
chapter. 


1. Electret/Electret 


Figure 3.13 is a block diagram of the elactronic set 
Momeeror the electret drive, electret pick up mode of 
generating and detecting second sound. 
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megure 3.13 Electret/Electret Electronics Block Diagran. 
The drive signal is taken from a Hip 33 Con 


Synthesizer/Function Generator. The signal passes thrua 


nominal 50 chm resistcr which ensures drive signal amplitude 
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matching between synthesizer output and tne input to the 
electret driver. The drive Signai 1s monitored on a KIKUSUI 
Dual Channel Oscilloscope Modei COS-506)0. 

The detected or output Signal passes thru an ITHACO 
Mode1l-1201 Low Noise Preamplifier and again is monitored on 
the remaining channel of the oscilloscope. The output 
signal continues to the lock-in anyalyser. 


2. Thermal/Electret 


Peqiee eae 4 a5 a block diagram of the electronic 
configuration for thermal drive, electret pick up mode of 


genérating and detecting second sound. 
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Figure 3.14 Thermal/Electret Electronics Block Diagran. 


As can eaSily be seen by comparing the two block 


diagrams, there is little difference in the electronics 
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between Electret/Electret and Thermal/Electret. In fact thse 
erlyeagifference is in the drive portion of the circuit. on 
the T/E method the neminal 50 ohm resistor has been replaced 
by the 63 ohm drive heater which again maintains drive 
amplitude continuity. Because the hating is quadratic in 
the heater current (see Transducer Section) the lock-in 
which was referenced to the synthesizer frequency was 


operated in the 2nd harmonic mode. 


a6 hermal/Thermal 


Ee ES 


Figure 3.15 is a block diagram or the electronic set 
up for the thermal drive, thermal pick up mode of generating 


and detecting second sound. 
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Pigure 3.15 Thermal/Thermal Electronics Block Diagran. 


Poe electonmtes: fOr the drive signal is identical to 
that of the Thermal/Electret mode. The second sound signal 
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is detected by means of the induced temperature Swings ina 
carbon resistor biased by a4 constant current (2.7 micro- 
amps) . The Thermal Sound Bias Box (TSBB) is the constant 
current source for the detection (thermometer) resistor. 
The TSBB also has aDC blocking capacitor in the output 
circuit to ensure that only the AC component of the signal 
is passed te the preamplifier. From the preamplifier the 
signal is monitored by the oscilloscope andthe lock-in 


Simultaneously. 


4. Line Loss 


When the output signal is electret generated, i.e. 
T/E and E/E, the electret voltage output is degraded due to 
the capacitance of the lead between the top of the probe and 
the preamplifier. Figure 3.16 is an equivelent circuit 
representing the detecting electret and the preamplifier. 
C(e) is the capacitance of the electret transducer 
which is detecting the signal. FOr Simplicity we have 
defined the effective transducer t9 include the capacitance 
of the transducer (85 pf) plus the capacitance of the 
coaxial cable (155 pf) which brings the signal to the top- 
plate of the probe. C(i) and R(i) are the input capacitance 
and resistance of the preamplifier. C(1) is the capacitance 
of the coaxial lead ccnnecting the probe (electret) and the 
preamplifier. 
C{i)= 49 pf 
Gigi 35m 


Total= 84 pf 


These values were measured using a HP-4261A LCR Meter, 
therefore, 
Vg (mv) = V(output) (mv) [ (C(2) + 84)/C (ae) j. 


q9 








eee. es, Jal Pe ee ee aes od 


Figure 3.16 Line Loss Circuit Diagram. 


Because a précise Knowledge of the values of these 
capacitances was sO important to the interpretation of the 
voltage measured at the lock-in in terms of the voltage at 
the defined "end" of the electret transducer, a special 
technique was used to measure the electret transducer capac- 
itance while the system was under tru? operating conditions 
1.e. between 1 and 2 9K. This was accomplished by setting 
moeene Circuit in Figure 3.17. fais “Circuit maintained a 
relatively fixed voltage while the frequency was varied from 
ionize tO 10kHz. The voltage (RMS) and the current were 
recorded ateach frequency and ths capacitance at each 
frequency was determined using the following relationship: 

C=I/2n£V 
The capacitance for all frequencies were averaged together 
to give the operating condition capacitance. The typical 
electret capacitance, including the coaxial cable to the 
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Figure 3.17 Operating Capacitance Measurement Circuit. 


top~plate was 241.35 0.41 pt, where the error is the stan- 


+ 
dard deviation of the measurements over the range of 


frequencies. 
5. Calibration cf the Synthesizer 


It waS lmportant to determine any correction between 
computer bus specified drive output and actual volitage which 
appeared at the proper device (heatar, electrst, etc.). aT 
WaS important to know this correction not only as a fuction 
of drive voltage (10 to 150 mv), but also as a function of 
drive frequency (200 to 1500 Hz). 

First 1t was noted that there was less than .02% 
difference in actual output voltag2 over the frequency range 
cf concern. Next a plot of bus specified drive voltage 
verses actual applied voltage was made, and using the method 
linear regression, the following line eguations for 
synthesizer output were developed. 
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ipeoytenesize: GrEiving heaters (T/z & T/T) 
Wlactual)= 1.04887 Visyn) + 0.029067 .... © = 0.9999937 
2) Synthesizer using nominal 50-ohm load (E/E) 
Viacttial)= 0.99319 Visyn) - 0.28676 .... © = 90.9999920 
where r is the linear regression correlation vaiue. 
(Note: All voltages are in nmilli-volts) 


These equations where then used in the data reduction t9 


convert the bus specified voltage to the actual voltage. 


6. In-Line Filters 


Filters in the ITHACO preamplifier and the PAR 
lock-in analyser were utilized to minimize extransous noise 
sources due primarily to pump induced vibrations. 

The 30 Hz High Pass filter andthe 10kHz Low Pass 
filters were utilized on the preamplifier while the 50 Hz 
High Pass filter was utilized in ths lock-in anylyzer. 

As the 50 Hz high pass of the lock-in dominated the 
low frequency response and the 10kHz low pass of the prean- 
plifier dominated the high frequency response, the maxinun 
System reciever respcnse was expected at a frequency which 
waS the geometric mean of these values, or about 707 Hz. 


This waS observed experimentally. Az 700 Hz the lock-in 
cutput was 0.9997 ef the calibrated input. At the lowest 
frequency of interest (400 Hz) this transfer function 


Gropped to 0.9971 while at the highest frequency of concern 
(1.6 kHz) it was 0.9914. These attenuation functions were 
considered negligible in the interpretation of the results. 
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Aw PROCEDURES 


1. Cooldown 


Prior to the commencement of cooldown, the 2iahee 
vacuum jacket is purged with air and then evacuated to less 
than 2 mmHg. This is important to ensure that no helium gas 
is in the inner jacket. 

The probe is placed in the experimental aréa. 
Liguid nitrogen is then added t> the outer jacket to 
commence the ccoldcwn. The experinental area is then 
evacuated to 80-100 mmHg. 

The temperature of tne experimental area is moni- 
tored by three different and independent methods. 
Quantitative results were obtained by monitoring the funda- 
mental or a harmonic frequency of the aizr filled resonétor. 
This is accomplished by using the HP 3580A Spectum Analyzer 
to drive and pick-up the resulting Signal 9 in the 
ElectretyElectret mode. The following two equations 

1) £(n) = ac/f/2 L 

2) c2 =¥YRTY/M 
results in 

ioe ye= 248% 10-5 £(n) 2/7 ne 
where the constant is a result of the length of the reso- 
nator and the previously presented thermodynamic constants. 

The remaining two methods only present trends. The 
Pest iS Mcnitoring the attached carbon resistor on the 
probe. Although this did not provide quantitative data 
during the liquid sritrogen cooldown phase, it was very 
useful in determining the point at which we expected the 
liquid helium to collect in the dewar during the transfer. 
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As the temperature decreases the resistance increases. The 
remaining method is to monitor the pressure in the inner 
dewar. Since the volume of tne inner dewar remains 
constant, the pressure will drop as the temperature drops ina 


accordance with the Ideal Gas Law. 


2. Liquid Helium Transfer 


= ae Ga Coy Co a aSares= ae 


Once the temperature in the experimental area 
reaches approximately 859K the transfer of the liquid heliun 
May commence. Thasetpansecr: Of the liquid helium from the 
shipping dewar to the inner dewar is accomplished via a 
transfer tube. 

The transfer tube 1s a double walled stainless steel 
tube. A vacuum is m@intained between the two walls to 
Minimize heat conduction to the liguid helium. 

Immediateiy prior to the transfer, the transfer tube 
is purged with helium gas. This minimizes the possibility 
of aixr and water vapor in the tube condénsing and forming a 
Peag in the line, thereby resticting or completly stopping 
the transfer. 

The inner dewar is also brought to atmosheric pres- 
sure by bleeding in helium gas thru the helium purge vaive. 
Once the inner déwar is at atmospheric pressure, one end of 
the transfer tube is placed in the shipping dewar while the 
other end is placed in the helium recieving tube on the top 


of the probe. The shipping dewar is then pressurized to 
approximately 3 psig using helium gas. This commence2s the 
transfer. 


3. Pump Down 


Once the desired liquid helium level is obtained, keeping in 
Mind that during the pump down thea liquid helium level will 
drop by 1/3 to 1/2 of its original level at the commencement 


of pump down, the shipping dewar is vented concluding the 
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transfer. The transfer tube is removed from the shipping 
dewar and the helium recieving tube. The helium recieving 
tube is “capped” using @ rubber stopper and the helium purges 
valve is closed. 

The vapor pressure of the helium must be reduced in 
order to reduce the liquid helium temperature. This is 
accomplished by using the 15 cfm vaccum pump refered to in 
Chapter III to evacuate the inner dewar. The isolation 
cross-connect vaive in the manostat is opened allowing the 
pressure inside and outside the membrane to remain equal, 
thereby allowing an unimpeded flow path from the inner dewar 
to the vaccum pump. Once the desired pressure/temperature 
is obtained, the isolation cross-connect valve on the 
manostat is shut allowing the manostat to control the 


pressure. 


Be DATA AQUISITION 


Data wes obtained and analyzed by means of a ccmpu- 
taional algorithm anda data aquisition systen. The system 
utilized an HP-85 desk-top computer, an HP-3325A 
Synthesizer/Function Generator, an EG&G-5204 Mylollel gale 
Anylyzer and an HP-3497A Data Aquisition/Control Unit. The 
System automatically measures and tracks the center frequen- 
cies, amplitudes and quality factors (0) of up to 9 acous- 
tical resonances. A typical spectrum was Shown in 
Procure 3.9. 

An in depth explination of the basis for the data aqui- 
Sition system is contained in a Masters Thesis by D. Conte 
(Ref. 45]. Due to the fact that Conte describes a system in 
air and uses a thermistor for temperature monitoring, slight 
modifications where required to the program for the HP-85. 
This program is listed in Appendix A. 
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MesieomocmEano Ver yesbasie discription of the aquisition 
system follcws. The HP-85 computez directly controls alli of 
the equipment, with the exception of the Lock-in Analyzer, 

ia the Hewlett Packard Interface Bus (HPIB; IEEE Standard 

woo- 1975). The computer cends a value for frequency and 
amplitude to the HP-3325A Synthesizer/Function Géeneratcr, 
which causes an excitation of the acoustic resonances. The 
EG&G-5204 is phased-locked tc the HP-3325A and generates a 
D.C. voltage which is proportional to the Pythagorian sum of 
the amplified in-phase and quadrature components of the 
Signal. This analog amplitud? is sent tothe HP-3497A 
which, when interrogated, sends via the HPIB, a digitizatior. 
of the voltage level. 

This system provided excellent results in a minimuno of 
time. The chi-squared minimization search utilized in the 
program yielded precisions of better than 0.1 percent in Q, 
0.01 percent in amplitude and 0.1 ppm in frequency. 


C. DATA REDUCTION 


Our computer controlled data acquisition system 
compiles, on magnetic tape, all necessary electrical reading 
for electret-electret (E/5) and thermal-electret (T/EA and 
yes) configurations. The computer program provided in 
Appendix Bis then used to process this formatted "raw" 
@iod, Which is provided in Appendix Cc. The sensitivities 
(MA and MB) of our slit-2lectret transducers are then 
computed uSing equaticns 3.5 to 3.10. 

From the reciprocity computation of transducer sensitiv- 
ities we are able to determine the corresponding temperature 
Mocillation c.m.S. amplitude ({ ST lo whieh 25 the ratio of 
Output voltage to transducer sensitivity. The temperature 
oscillation that defines the upper limit ( J%\) is computed 
from equation 3.19. The ratio of [Tt 36 to St is an 
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extremely important guantity in our experiment since its 
value makes a definite statement about the validity of our 
computed thermal transducer sensitivities. 

It should be pointed out that the measurements obtained 
for E/E and T/E ccntain their own values of frequency, 
amplitude and quality factor, with each data set occurring 
at essentually the same temperature. MOgeOUL CaLCUuLaciecns 
the average frequency and temperature are used. An 
assemblage of reduced data is proviied in Appendix D. 

When looking atthe output of the reduced data of 
Appendix D you will find the resonant modal number listed 
Becst. Recall that the necessary electrical readings for 
Moe I7EA and T/EB were all taken at Slightly different 
temperatures and therefore at slightiy different céenter 
frequencies. The average temperature and frequency used fcr 
each calculation set is provided along with their standard 
deviation. The neéxt item ‘is ths temperature oscillation 
amplitude calculated by the reciprocity methcd, followed by 
the amplitude of the temperature osciilation which has been 
determined to be the upper limit. The ratio of these two 
amplitudes is also provided at tne end of the printout. 
Recall that the upper thermal oscillation by the thermopnone 
principle reguired us to drive the neater and take the 
Sieepit LrOm elthesr electret A or B. In our calculations the 
output was taken from electret A; however, the upper limit 
has also been calculated uSing the output of electret B and 
the difference between the two is listed (Ua-Ub). Pan ay, 
the "slit-electret" sensitivities 2re@ provided for side A 
ema 5. 


D. ERROR ANALYSIS 


The final section of this chapter will deal with the 


inherent errors that area part of every experiment. The 
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magnitude of these errors must be reasonable and scrutinized 
With our final results to determine the strength of our 
analysis. In order to determine tn2 accumulated error which 
exists in our calculated thermal transducer sensitivities we 
must tecall equation 3.5 : 
M(A)M(B) = (42M U(II) Cp§/16 J[V (mpn/(V(s)QECT) j . 

The factors that carry significant inherent errors are 
second sound speed U(II), helium dansity § , specific heat 
oe helium Cp, Erequency f, semperature T, electret 
capacitance C, quality factor Q and ail voltages. 

From the UCLA thermodynamic data (Ref. 21] we find that 
second sound speéd is known to within 0.1% , helium density 
is known to within 0.45% and the speciric heat is known to 
metrnan 0.2% . This gives a total ?2rror for these three 
parameters of 

( (0.001)2 + (0.0045) 2 +(0.002)2} = 0.5%. 


From our assembled data we nave found that the accuracy of 
the remaining parameters is as foliows : 

fC SaUS NC Y sso eteheeeiete © « suMWijor 

WEMPer alee «stasis «cetes O.3% 

Cac vcd DCC scheies «ates Usd.% 

Miatiry SactOr icscese. 020% 

WiGUNIAG SO ommele sie cleeieie cle ce) On Oe X SQI(8) = 1. HS 


The sqr (8) occurs because when equation 3.5 is used to 
determine the absolute sensitivity of either transducer A 
for" 8B there are eight factors of voltage required. When 
all of the above errors are combined the resulting total 
error is found to be 1.7%. 
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Ve. CONCLUSIONS 


A. VALIDITY OF RECIPROCITY IN A QUANTUM FLUID 


The absolute sensitivities of the slit-electret trans- 
ducers were determined using the Reciprocity Theorem. ae 
were able tc mak? précise measurements of temperature, reso- 
Mant frequency, amplitude and guality factor. Invokiag ths 
assumption that all of the oscillatory heat dissipated in 
the heater was radiated as second sound, the amplitude of 
the upper bound for temperature oscillations was calculated. 

The ratio of the temperature oscillation for the upper 
Memnd tO that of reciprocity is plotted as a functicn of 
mode number at a temperature of 1.53 °K and is shown in 
megure 5.1 as circled data points. The dashed line exists 
only as a guide to the eye. 

mimcalculating the circled data points of Figure 5.1 it 
was assumed that the thermal driver (webbed heater) was 
optimally positioned directly against the electretted 
endcap. Since in reality this would electrically short the 
electret and heater, the heater was intentionally offset by 
adistance that was roughly measured to be 2mn. q#@ can 
asSume that when our heater is driven the resulting response 
is reduced by a factcr of 

cos (2nTwt/L) 
which accounts for the lower effective thermal impedance, 
where L = 50mm, is the resonator length. At any tempera- 
ture, the ratio of the amplitude of oscillation for any two 
mod2s must equal a constant such that 
cos (n&x/25) /cos (maNx/25) = C , 

where, for our data, C 1s obtained by averaging the ratio of 
upper Jab fie ae to BeeupiiOc 1 cy temperature amplitude 
oscillations for modes 2 and 6 at all temperatures. 


6&9 
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This gives us 
Cromta2i77t10.05 
When the above transcendental equation is solved for "x" for 
modes 2 and 6 we find that 
xXx = 1.7mo 
which indeed supports our rough asasurement of heater 
displacement (2mm). So we see that the effect of this 
heater offset is to reduce the circled data of Figure 5.1. 
The corrected data points, the X's, in Figure 5.1 are 
obtained using a displacem2nt of Zmm for ease or calculation 
Since the difference cbserved using i.7mm is insignificant. 
This then requires the use of the following correction 
Bact Or: 
§t (corrrected) / fn (circled) =9COsS (Nt/25). . 

This data is shown in Figure 5.1 and we seé that the two 
methods are in excellent agreement. It is important to 
that Table IV shows cnly a sample of corrected data taken at 
me= 1.53 °K. Pipaccualityer Figure 5.17 illustrates the 
corrected data for data obtained at five different tempera- 
tures and for many more data points. AS indicated in the 
Table, a total of twelve data points were used for ¢ach node 
to obtain these truly representative ratio values. 

ir Dabs in the lower portion of figure 5.1 represent 
the ratio of the temperature oscillation for the lower bound 
memchat of reciprocity. The thermal inertia of the reésis- 
tive thermometer, Kapitza resistance [Ref. 22] and geomezry 
Make the temperature oscillation by thermometry a lower 
vimit. Figure 5.1 shows that tnese effects are indeed 
meanaticant. Data which involved the lower limit was not 
required for the quantitative verification of the utility of 
the reciprocity method in a quantum fluid. 
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| TABLE IV 


Heater Displacement Correction (T = 1.53 °K) 


Corrected 


—=——amapear ae ae Pee ne Be BSP ese SBF BSP CPSP FSP PSP STS SP PP SP SP BP Se SB BPS SE Se eee ee eee ee ee ee Se 


| mode # pts cos (nwt/25) Sr, /$Ty Rees, ye | 

2 12 0.9686 1.057 1.024 
| 3 wie 0.9298 1.109 fo O88 | 
i uy 12 026 764 1.241 1.087 | 
| 5 12 0.8090 ao 5 0.967 | 
6 tz 0.7290 1.263 eo | 


| 


Be SENSITIVITY OF SLIT-ELECTRET TRANSDUCERS 


By assuming that the temperature? oscillation amplitude 
Calculated from the thermophone heat current is the true 
oscillation amplitude, it is possible to use the temperature 
amplitude measured by the reciprocity method to determine 
the specific acoustic transfer impedance, or the reciprocity 
constant M'(T) which is the inverse of its square rooz. The 
points plotted in figure 5.2 and connected by the dashed 
straight line are the values of M'(T) calculated from the 
UCLA thermodynamic data [Ref. 21] and shown previously in 
meagure 2.2. 

The equation for the dashed line is a least squares fix 
to the data between the temperatures of 1.2 to 1.9 9K ; 


Metbe = 2atso T= t.775 


oz 
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/ M(T) = 2,176 T - 1.775 
/ R = 0.99972 
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eZ 
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0.8 yi 
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Figure 5.2 Experimental/Theoretical Determination of Ms 
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and the units are (watts!/’2¢/mm- 9K). The mean square devi- 
ation or these fifteen (15) points from that line is less 
moan 0.7%. The five bars are the values of M'(T) baséd on 
all of the thermal and reciprocity measurements made art 
those temperature. Table V is a cOmpilation of the data in 
Appendix C used to prepare the experimental points in 
Figure 5.2. Due to the intentional redundancy in our tech- 
nique we were free to mix various E/E and T/E data sets at 
any given temperature. The choice was random and the number 
of "mixtures" for any given temperature and node number is 
given in the Table. The number uader the error bars gives 
the total number of feints used to average M* at that temp- 
erature. The bars are two standard deviations tall, 
centered around the average. The dotted line connecting 
four of the five bars is a guide to the eye. At the present 
time we have no explaination for the approximate 10% 
discrepancy shown in Figure 5.2, but it does appear to be 
systematic and outside the limits of our uncertainty in the 
experimentally measured quantities. 


| 
| 
. 


TABLE ¥ 
Experimental Calibration Constant Data 


i 

Temp (°K) #ptS Noe/iite M' (+) a! (avg) “* (-) | 

1.453 19 0.844 1.695 12638 1.594 | 

1.531 60 1.000 12652 1.550 1.454 | 

1.602 24 0.871 BRIE 1. 842 1.997 { 

1.808 10 0.885 2eotg 2.159 2305 | 
1.959 34 02902 2.309 2.410 22500 
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PneGeiceusl2on, We have shown, for the first time, <zhat 
it is possible to make absolute acoustical measurenents of 
temperature oscillations in superfluid helium using the 
Meerocrocity technigue. Also, in addition to illustrating an 
excellent application of the Conte system of precise acous- 
B'cal data aquisiticn, we were successful in measuring 
absolute temperature excursions as snall as 10-10 
OK/ (Hz)! 72. 

A sample of the *ransducer sensitivities as a function 
of temperature and mode number is shown in Figure 5.2. All 
reduced sensitivities are given in Appendix D. te is worta 
noting that these sensitivities aze a <tactor of 2.3 (ie, 
240pf/385pf) smaller than the true sensitivity since the 
Neffective transducer" was defined to include the coax cable 
which brought the signal to room temperature [see Chapter 
fer (C.4) j. 
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APPENDIX A 
DATA AQUISITION PROGRAMS 


kes ees Extracts necessary electrical readings; 
calculates Q, amplitude and canter frequency; formats 


the output as raw data (Appendix C). 


PU Ailici ees Monitors pressure and thermometer resis- 
tance; converts pressure to temperature; provides neces- 
Sary information to determine thermometer differential 


resistivity. 


COOLDN..... While monitoring a specified resonant mode, 
this program outputs heliun temperature due to the 
change in sound speed during cooldown. 


PvS t.e.-. Monitors the performance of our pressure 


(temperature) regulator. 
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£7 
=e 
40 
41 
42 
az 
44 
45 
46 
47 
4g 
S2 


c= 
a we 


34 
So 
36 
sie 
Se 
he4 
60 
61 
6. 
ed. 


Pi Meas maou) we CLOOn Ne (So), X7(26).61 (235) -e2(l5).E6(S5) .E7 (25) 
ELEAR ® PRINTER IS = 2 GUTPUT 72> 23°F 4Mé6" 

DISP “REMOVE PROGRAM TAFE AND INSTALL DATA TAFE" © BEEP 

BISP WHEN COMPLETED. ENTER 1” 

TNEUT Y 

Peet st) TeEN 7 ELSE CLEAR © BEEP ©» GOTO = 

CLEAR ® BEEP © DISP “DO YOU DESIRE TO ERASE AND REWIND TAPE? (Y/N) " 
INPUT KS@ IF KS="N" THEN 11 ELSE 9 
ERASETAFE © GOTO 9S 


t 


CREATE Z%.850.S8S w REWIND e© GOTO 12 

CLESR © BEEP © GOTO 97 

CLEAR © BEEP © GOTO 8992 

Se line. OO 

DISF “DO YOU WANT TO SKIP DIRECTLY TO MEASURE? (Y/N) " 

INPUT KS 

IF KS="N" THEN Ss ELSE 17 

CLEAR © BEEP 

DISP "Enter amp of driving freq in mv (2=<2500) RMS" 

DISP "DECIMAL VALUES ARE NOT PERMITTED" 

INPUT A ' amp of freq 

IF A>ITS500 THEN CLEAR © BEEP & GOTO 18 a 
FOR N=1 TO 9 

AB(N) =A 

NEXT N- 

CLEAR # BREEP 

DISP “Enter largest value of amp ever desired (=<T500mv RMS) " 
INPUT Al ! max future amp 

IF AlL>SSO00 THEN CLEAR BEEP © GOTO 26 

' these are the values to set up the TI2S 


ame tot 
AS=VALS (A) 
A2zS= oo AM oe 
ATS="MR" 


OUTPUT 717 :ALDE.AS. ALS 
ELEAR & BEEP 


DISP “Enter full-scale sensitivity setting from the S204 in volts=FSS/ (FREAMP 
GAIN*MULTIPL) " 


INPUT AS ' SENSITIVITY SETTING 

CLEAR ' BEEP 

DISP "Set and enter new time constant (in milli-sec)" 

INPUT Y 

Tizy 

CLEAR 2© BEEP 

DISP "How many modes do you desire to track (MAX OF 9)" 
INPUT M ' NUMBER OF MODES 

FOR N2zi TO ™ 

CLEAR © SEEP 

DISP “What 165 center freq for mode ":N 

INPUT F6(N) !' CENTER FREQ 

CLEAR ®& BEEP 

DISF “What is the Q for mode ":N 

INPUT Q(N) 

I (N) =24 

CLEAR © BEEP 

DISP "What is the amplitude of the center freq for-mode ":N 
INPUT A6(N) 

CLEAR & EEEF & A&(N) =A6(N) /AS 

NEXT N 

DISP “I am working on standard dev. # of pts. & variance " 
' From 65 to B2 is the cale of the noise. st. dev 
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Loa 
jw-~s 


ho oe) oe? 


G,WeO @ H1S$8"HZ" @ H2$2"FR" 
Fe(F&(2)-F6(1))/4+F6 (1) 
F4$=VALS(F) ; 

OUTPUT 717 3;H2%$,F4$.,H1$ 

WAIT T1£12+100 

Guar 709 =s-ViTi" 

WAIT 1000 

FOR N#1 TO 100 

ENTER 709 ; ACN) 

WeW+A (N) 

NEXT N 

Wew/100 

FOR Ne=i TO 100 

S=@(A(N)<W) 72 

G=G6G+S 

NEXT N 

G=AS*«SQR(G/99) 

W=WkAS 

PRINT "The mean is ";W;" and the standard dev is 
GOTO 8100 

CLEAR @ BEEP 

DISP "Enter lower freq" 

INPUT Fl ! lower freq 

CLEAR © BEEP 

DISP "Enter upper freq” 

INPUT F2 ! upper freq 

IF F2<=F1 THEN CLEAR @ BEEP ® GOTO 87 
Tel/ (4x ((F2=F1)/256)) !' time constant 
CLEAR @ BEEP 

GOTO 101 

DISP “DATA FILE NAME."; 

INPUT Z$ 

GOTO 10 

DISP “ENTER NAME OF DATA FILE" 
INPUT Z¢@ GOTO 12 


DISP "Set time constant on 5204 at "3;T;" or smaller" 
DISP "When complete, enter value set (in Milli-sec)" 


INPUT Tl 


IF T1>Tx1000 THEN CLEAR @ BEEP @ GOTO 101 
CEEAR © BEEP 


DISP “Enter amp of driving freq in mv (=#<3500) RMS" 


DISP "DECIMAL VALUES ARE NOT PERMITTED" 
INPUT A ' amp of freq 

IF A>ZTSOO THEN CLEAR @ BEEP @ GOTO 151 
FOR N#1i TO 9 

AB (N) =A 

NEXT N 

CLEAR @ BEEP 


DISP "Enter largest value of amp ever desired (=#<z500mv 


INPUT Al ! max future amp 

IF AL>ZSO0O THEN CLEAR © BEEP e GOTO 201 

' these are the values to set up the 2 S25A 
AS=VALS (A) 

A2DS= a AM iL} 

ASS="MR" 


240 OUTPUT 717 ;A2S,AS,AZS 


241 
inn’ | 
Pda 


ry dard 
awd 


WAIT 200 


FS@CEIL((F2=-F1)/256) ' smallest int >= bandwidth 


! SEARCH 
! SEARCH 
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~2%+ ' SEARCH 
261 ! next group sends freq to Soo5A, and gets amp from -497A 
=69 CLEAR 
270 DISP "I am working in SEARCH" 
271 FOR N*O TO 2356 
281 F4(N) =Fi+NeFS 
282 ! F4(N) is freq sent 
290 F4$3=VALS(F4(N) ) 
29t HiS="HZ" 
=92 H2S="FR" 
300 OQUTPUT 717 3;H2$,F4S$,H1$ 
310 WAIT 4«7T1+100 
S20 QUTPUT 709 3“VT3s" 
SSO ENTER 709 3; A(N) 
350 NEXT N 
ZSi ' FS AND F& ARE SCALE FACTORS 
Soa SCEEP 
760 FS=Fi-. 1k (F2-F 1) 
S70 F6=F2+.1% (FLQ-F 1) 
~B80 GCLEAR we CLEAR 
290 SCALE FS.F6.-.1,1.2 
400 XAXIS 0,1000,F1,F2 
AVGey nls Fleets ce ls lac 
411 FOR N#0 TO 256 
413 PLOT F4(N),A(N) 
414 NEXT N 
wioeolLoe Doe rTOU DESIRE A COPY? (Y/N)" © BEEP 
416 INPUT K$ 
417 IF KS="N" THEN 477 ELSE 418 
418 GCLEAR © CLEAR @ BEEP 
419 DISP "ENTER FIGURE # TO BE PRINTED" 
420 INPUT L$ 
421 PLOTTER IS 705 
aa PEN ! 
foe (Seeee rine sr or 1) Sr 2+500,—.5.,1.5 
424 XAXIS 0,100,F1,F2 
zoe YAXIS Fi,.1i,0,1.2 
426 PEN 2 
427 FOR N=0 TO 256 
29 PLOT F4(N) ,A(N) 
830 NEXT N 
431 PENUP @ PEN 1 
432 LDIR O.SIN(90) @ PENUP 
42> FOR X=F1 TO F2 STEP 200 @ PENUP 
434 MOVE X,-.13 
4=5 LABEL VALS$(X) 
436 NEXT X & PENUP 
440 LDIR O 
441 FOR Y#0O TO 1.2 STEP .1 @ PENUP 
442 MOVE Fi-.054(F2-F1),Y 
443 LABEL VALS(Y) 
444 NEXT Y @ PENUP 
450 LDIR 90 @ PENUP 
451 MOVE Fit+(F2-F1)/5,-.21 
S2> LABEL “FREQUENCY IN HZ" 
4S= LDIR O 8 PENUP 
454 MOVE Fi,-.5 
4355 LABEL "PLOT OF RELATIVE AMPLITUDE VS FREQUENCY (FULL SPECTRUM)" 
456 LDIR O,SIN(90) @ FPENUP 
4357 MOVE Fi-.O8a(F2-F1),.5 
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458 LABEL "RELATIVE AMPLITUDE" 

a59 EDIR O © PENUP 

460 MOVE Fi+200.1.2 

461 LABEL "FIGURE "“;L$ 

462 PENUP 

476 PLOTTER IS 1 

S77 eGceeArn © BEEP 

478 DISP “Do you desire to rerun exp with different parameters? (Y/N) " 
480 INFUT K$ , 

490 GCLEAR © CLEAR © BEEP 

SOO IF KS$=2"N" THEN S10 ELSE 11 

510 DISP “Enter decision point for amplitude (0 TO 1.2)" 

S20 INPUT A4 ! DECISION POINT 

Jeo CLEAR © BEEP 

S540 DISP "Enter full-scale sensitivity setting from the 5204 in volts=FSS/ (PREAM 
P GAIN*SMULTIP) ” 
S50 INeuUr AS ! SENSITIVITY SETTING 

360 PRINT "Amplitude in volts";" Frequency" 
S70 PRINT 

S80 FOR N=0 TO 256 

S90 IF A(N)<A4S4 THEN 630 

400 A(N) =AS*A(N) 

610 PRINT USING 620 ;: ACN) ,F4(N) 

620 IMAGE 1X,D.DDDDDDDD.10X.DDDDDD.DD 

630 NEXT N 

651 PRINT USING 6 52 

oa IMAGE 3/ 

440 CLEAR @ BEEP 

641 ' SORT 

642 !' SORT 
6435 ' SORT 

650 DISP "How many modes do you desire to track (MAX OF 9>" 
660 INPUT ™ ' NUMBER OF MODES 
670 FOR N=1 TO M™ 

680 CLEAR © BEEP 

6490 DISP “What is center freq for mode ":N 
7O0O INPUT M(N) ! CENTER FREQ 

710 CLEAR © BEEP 

720 DISP "What is freqwidth for mode ":N 

70 DISP “MUST BE GREATER THAN "s;2sFl !' Fo IS BW 
740 INPUT O(N) ! FREQ-WIDTH 

7350 NEXT N 

760 CLEAR 

761 ! Fram 770 to 960 is the first rough try for measuring (SORT) 
770 FOR L=1i TO ™ 

77. DISP “lt am working in SORT +er mode “<:L 

780 FOR NO TO 25 

790 F4(N) =M(L)-O(L) /24NS0(L) /25 

B00 F4S$=VALS(F4(N) ) 

810 OUTPUT 717 :H2S,F4S.H15 

820 WAIT 12*T1+100 

S50 GUTPUT 709 3:"VTre" 

821 WAIT SO 

840 ENTER 709 : ACN) 

850 NEXT N 

651 BEEP 

860 GCLEAR ® CLEAR 

™7O SCALE F4(O)—. 1*O0(L) .F4Ge5) +. 1*0(L).-.1.1.2 

880 XAXIS 0.,0(L)/10.F4(0) .F4(25) 

890 YAXIS F4(0)..1.0.1.2 
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900 
=0 
920 
940 
941 
942 
943 
944 
945 
946 
947 
954 
955 
9356 
937 
958 
959 
960 
962 
963 
964 
965 
966 
967 
968 
969 
970 
97 1 
972 
97S 
974 
975 
976 
977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
968 
989 
990 
1000 
10190 
1020 
LOSO 
1040 
1050 
10690 
1070 
1080 
1090 
1100 
1110 
he Speed a 


FOR N#*0 TO 25 
PLOT F4(N).,ACN) 


NEXT N 

MOVE F4(0).-.1 

PebeGee@iocees sis Sere COs) 1O':F4 (55) 
BISsP "DO YOU WANT A COPY? (Y/N) @ BEEP 
INPUT KS 

IF KS="N" THEN 987 

GCLEAR e CLEAR © BEEP 


PIS seni eR PloOURE 6 TO BE PRINTED” 
INPUT LS 

PEGITER 5 703 

PEN 1 


SCALE F4(0)—-.2k0(L) .F4(25) +. 180¢(L) .-. 5.1.5 
XAXIS 0.0(L)/10.F4(0) .F4(25) 
WerlS &4(0)..1,0,1.8 
PEN 2 
FOR N#O TO 25 
PLOT F4(N),A(N) 
NEXT N 
PENUP @ PEN 1 
LDIR O.SIN(90) 
FOR X=F4(0) TO F4(25) STEP O(L)/10 & PENUP 
MOVE Xs —- le 
LABEL VALS(X) 
NEXT X 
LDIR O @ PENUP 
POR Y=O TO 12.2 STEP .1 & PENUP 
MOVE F4(0)—.08%0(L).Y 
LABEL VALS(Y) 
NEXT Y 
LDIR O  PENUP : 
MOVE F4(0)¢.1%0(L) .-.21 
LABEL “FREQUENCY IN HZ" 
LDIR O & PENUP 
MOVE F4(0)-.180(L).-.35 
LABEL "PLOT OF RELATIVE AMPLITUDE VS FREQUENCY, MODE 
LDIR O.SIN(90) & PENUP 
MOVE F4°0)—.:720¢(L),.3 
LABEL “RELATIVE AMPLITUDE " 
LDIR O © PENUP 
OVE F4(60)+.180(L).1.2 
LABEL "FIGURE "“3Ls @ PENUP @ PLOTTER IS 1 
CLEAR 2 BEEP 
DISP "Do you want to change anything? (Y/N) " 
INPUT KS 
IF KS="N" THEN 1200 ELSE 1000 

DISP "Change sensitivity? (Y/N) " 

INPUT KS@ CLEAR @ BEEP 


IF KS="N" THEN 1060 

CLEAR @ BEEP 

DISP “Enter new sensitivity setting" 
INPUT AS 

CLEAR @ BEEP 

DISP "Change freqwidth? C¥7 ND = 


INPUT KS@ CLEAR © BEEP 

IF K$="N" THEN 1120 

DISP “Enter new freqwidth" 
INPUT O(CL) 

CLEAR © BEEP 


EO) 








1120 DISP “Change center freq? (Y/N) " 
1140 INPUT K$@ CLEAR © BEEP 

1150 IF K$="N" THEN 1180 . 

1160 DISP “Enter new center freq" 
1170 INPUT M(L) 

1180 GCLEAR @ CLEAR 

£190 GOTO 771 

1191 !' From 1200 to 1680 1s the farst try at getting center freq and the Q 
1200 CLEAR & GCLEAR Fy 
1201 DISP "I am working on freq and Q for SORT mode ":L 
1210 H,B1.B4.H1,H2.HD.H4S=0 

1220 B22, BS=50 

1220 FOR N=#1 TO 24 

1240 IF A(N)<ACH) THEN 1280 

1241 IF A(N) 2ACH) THEN 1242 ELSE 1250 
1242 PRINT ACN) 

1250 A&(L) =A(N) 

1260 FS6(L)=F4(N) 

1270 HN 

1280 NEXT N 

1261 X=A(H) 

1282 Y=(A(CH+1)-A(H—-1))/72 

1ZBS Z2=(ACH+1) +A CHH-1)-2"X)/2 

1284 FS(L) e(Y/ (2%2Z)) 

1285 A6(L) =X*YaF6(L) ZF 6(L) 72 

1286 FS&(L) SF4(H) +F6(L) &(F 4 (0H) $F 4 (H—-1) ) 
1290 A7(L) =A6(L) /SQR (2) 

1500 FOR N=0 TO H 

1510 IF A7(L)=A(N) THEN 1410 

1Z20 IF A7Z(LI<A(N) THEN 1370 

1530 IF A(N)<B1 THEN 1450 

1240 B1=A(N) 

1550 H1i=N 

1560 GOTO 1450 

1370 IF A(N) >B2 THEN 1400 

1280 B2=A(N) 

1590 H2=N 

1400 GOTO 1450 

1410 B11, B22=AC(N) 

1420 H1,H2=N 

14350 F7=F4(H2) 

1440 GOTO 1470 

1450 NEXT N 

1451 X=(A7(L)-B1)/(B2=B1) 

1460 F72=Xs(F4(H2)-F4(H1))+F4(H1) 

1470 FOR NeH TO 25 

1480 IF A7(L)=A(N) THEN 1580 

1490 IF A7(L)>SA(N) THEN 1540 

1500 IF A(N) >BS THEN 15350 

1510 BS=A(N) 

1520 HSN 

1530 GOTO 1620 

1540 IF A(N)<=B4 THEN 1570 

1SS0 B42A(N) 

1560 H4=N 

1570 GOTO 1620 

1580 Bo. B4sA(N) 

1590 HID.H4=N 

1600 FS=F4 (HD) 

16190 GOTO 16406 


ILS 





1620 NEXT N 

1621 X=#(A7(L)-B4)/ (B3-B4) 

1650 FRen~ (XE (F4 (HS) mF 4O (HS) ) ) FS (HS) 

1640 G(L) #F6(L) /(FB-F7) 

1641 PRINT “MODE "Ll; 

1642 PRINT "CENTER FREQ IS “:F6(L)3;" AND AMP IS “AS (L) #A5 
1642 FRINT "QO 1S ";Q(L) 

1650 IF B1=#0 THEN 1655 é 
1651 IF B40 THEN 1655 

1622 1F BBe50 THEN 1655 

1655 IF BI=50 THEN 1655 

1654 GOTO 1658 

1655 FRINT “ld8 POINT NOT FOUND. REPEATING MEASUREMENT. MODE “sl 
1656 O(LI#£2ZRe0(L) 

1657 GOTO 771 

1458 IF ASG(L) >. THEN 1664 

165° AB(L) =2RAB (L) 

1660 Abd(L) #2486 (4) 

1661 IF AB(L)<Al1 THEN 1658 

1662 AB(L) Al 

1665 GOTO 1671 :, 
1664 IF AS&(L)<.93 THEN 1671 

1665 AS(L) SAB (L)/2 

1666 AS&(L) BAS6(L)/2 

1667 GOTO 1664 

1671 CLEAR 

To7~2 FRINT USING 16725 

fe7s IMAGE «S/ 

1660 NEXT L 

1690 CLEAR @ GCLEAK 

1691 DISP “I am working on time constant" 

1699 ' From !700 to 1740 the largest Time Constant is found 
Bo OO FOR Et] 10)" 

PO (ey =O (lL) 7 (P LSE Ga (lL) ) 

W7On NEXT L 

1705 TsT(1) 

lao FOR tes TO M 

1711 IF ToT(L) THEN 1720 

As TT (Ll) 

gO NEXT L 

1750 BEEP & CLEAR 

T7omo PRINT “TIME CONST >= “:1T81000 

1760 DISP “Set and enter new time constant (in milli-sec)" 
lg7O PiSe “MUST BE GREATER. THAN “373: “.sec" 

1780 INPUT Y 

17681 Tizy : 

1782 IF 258(7T1*12+2500) >355000 THEN 1762 ELSE 1785 

178> DOV=INT (258 (T1812+200) /51000) 

1784 GOTO 1766 

1W7es DI=2 

i7BS CCEAR 

1791 PRINT “# OF RAVINES IS "3D9 

ig7ve2 PRINT “NEW TIME CONST IS "“":T1 

1792 PRINT USING 1794 

1794 IMAGE 4/7 

1795 ' MEASURE 

1796 ' MEASURE 

1797 ' MEASURE 

1798 ' MEASURE 

1799 DISF "I am working on etandard dev. # of nts. % variance " 
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1800 ' From 1800 to 1924 is the cale of the noise. st. dev., and the number of p 
ts. used. 


1801 G.W=0 ; 

1802 F2(F6(2)-F6(1)) /4+F6(1) 
1805 F4$=VALS(F) 

1804 OQUTPUT 717 :H23.F4%.H15% 
180S WAIT T1*12+100 

1806 OUTPUT 709 ;"VYT1" 
1807 WAIT 1000 

1808 FOR N=1 TO 100 

1809 ENTER 709 ; ACN) 

1810 W=W+A(N) 

1811 NEXT N 

1812 W=W/100 

1815 FOR N#1 TO 100 

1814 S=2#(A(N)-W)*2 

1815 G=G6+S 

1816 NEXT N 

1817 GzAS*SQR(G/99) 

1818 W2WsAS 

1819 PRINT "The mean 13 “3W 
1820 PRINT “The standard dev is "3G 
1821 PRINT USING 1822 

1822 IMAGE 4/ 

16825 FOR L=1 TO ™M 

1820 I(L) =2eA6(L) KAS/ (5. 54G) 
tes PRINT “NG. GF POINTS FOR MODE “sL:" IS “sI(L) 
1840 IF I(L)<100 THEN 1850 

1845S I(L)=100 

1850 IF I(L)>S0 THEN 1840 

1855 1(L)=S50 

1860 I(LISIPCIC(L)) 

1861 I(L)=24 

1864 PRINT “NO. CHOSEN IS "sI(L) 
1865 PRINT 

1846 NEXT L ? 

1867 CLEAR 2? BEEF 

1880 PRINT USING 1881 

1@81 IMAGE 4/ 

1885S PRINTER IS 701.1352 

1887 DIM FSC20) 

1888 Fs="C-G RAVINE" 

1889 GOTO 8999 


PezOeer INneUsiING 1691°>>" “TIME”, “TEMP”, "PRES", (M "."C. FREQ", "AMP." . “Q", “SNR*."D 
—-AmMP" - a 3 PT" . FS 


1891 IMAGE 4A.5X.4A.6X%. SA. 4X. SA. GX. TAL 9K. GAL 19X, 1A 9X. SAL SX. SA. 4K. SAL OX, 110A 


1892 PRINT USING 1892 ; "(SEC)"."( K 2". "(HZ)", "(Vems)", "(mv)" 
1895 IMAGE SA.4xX.5A, 25X, 4A, 10X. 6A. 50X. 4A. / 

1895 CLEAR 

1896 | 


From 1901 to END :s the calculation for measure including center freq and 
QO and track 


1897 Q7,08=1 

1901 ON ERROR GOTO 46000 @ T9=20 

PO. FOR E=1 70 

Os Dice “1 AM IN MEASURE FOR MODE “<:L 
i706) Fimee(L)=—F6(lL)/O(L) 

P7907 Faeere(li+Fet(l) /O(L) 

£708) UCC Fr ZF 1) /71(L) 

107 Vile (F oF 1) /S 

1910 H2O # Q9=F6(L) 


HGS) 





1921 AS=VALS (ABIL) ) 

1922 OUTPUT 717 ;A2%,AS, ATS 

1923 WAIT z00 : 

1924 ENTER 722 ; T&(L) 

1925 IF L=1 THEN 1929 ELSE GOTO 7000 
1926 GOTO 2650 

1929 FOR YO=m0 TO I(L) 

1950 X8¢(Y9) =F6(L) +U(L) 8Y9=V (L) : 
1951 F4S=VALS (XB (Y9) ) 

1932 H1$="HZ" 

1925 H2S="FR" 

1924 OUTPUT 717 3;H2$,F4$.H1$ 

1925 WAIT 124*T1+100 

1956 OUTPUT 709 ;"VTZ" 

1937 ENTER 709 3; X7(Y9) 

1928 NEXT Y9 

1929 ENTER 722 ; TS(L) 

1940 FOR N20 TO I(L) 

1941 F4(N)2=X8(N) 

1942 A(N) =X7(N) 

1943 NEXT N " 
1972 FOR N@i TO I(L)-1 

1974 IF A(N)<A(H) THEN 1978 

1975 IF A(N)=A(H) THEN 1976 ELSE 1977 
1976 PRINT ACN) 

1977 H=N 

1978 NEXT N 

1979 X=#A(H) 

1980 Y=(A(H+1)-A(H=1))/2 

1990 2=(A(H+1) +A(H=1) -—2"xX)/2 

ZOOO FS(L) B—(Y/ (282) ) 

2010 AG(L) =X+Y RFS (L) +Z¥FG(L)*2 
2020 F6(L) =F4(H) +F 6 (L) ¥ (FS (H) -F 4 (HH-1) ) 
2050 B1.B4.H1.H2,HD.H4=0 

2040 B2,BS=50 @ PRINTER IS 701,122 
2290 A7(L) =AS(L) /SOR (2) 

23500 FOR N=0 TO H 

2210 IF A7(L)=A(N) THEN 2410 

2520 IF A7(L)<A(N) THEN 2270 

2550 IF A(N)<B1 THEN 2450 

2240 B1=A(N) 

ZI50 H1=N 

2260 GOTO 2450 

2370 IF A(N) 2B2 THEN 2400 

2380 B2=A(N) 

2590 H2=N 

2400 GOTO 2450 

2410 B1,B2=A(N) 

7470 H1.H2=N 

2450 F7=F4(H2) 

27440 GOTO 2470 

2450 NEXT N 


=451 IF B2=50 THEN PRINT “COULD NOT FIND IdB DOWN PARAMETER" ' GOTO 6020 


2452 IF B1=0 THEN PRINT “COULD NOT FIND SdB DOWN PARAMETER" © GOTO 46020 
2459 X=(A7(L)-B1)/(B2-B1) 


2460 F72=X8(F4(H2) -F4(H1) ) +F4(H1) 
-470 FOR NSH TO ICL) 

~480 IF A7(L)=A(N) THEN 2SBO 
=490 IF A7(L) >A(N) THEN 2540 
=J00 IF A(N) >BS THEN 25 50 
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7510 BS=A(N) 

2520 HS=N 

IS5Z0 GOTO 7620 

2540 IF A(N)<=B4 THEN 7570 

2550 B4=A(N) 

7560 H4=N 

7570 GOTO 746Z0 

7580 BS, B4=A(N) 

2590 HD.H4=N 

2600 FB=F4(H2) 

7610 GOTO 2651 

2620 NEXT N 

7621 IF BS*S0 THEN PRINT "COULD NOT FIND ScB DOWN FARAMETER" ® GOTO 60720 
2622 IF B4=20 THEN PRINT "COULD NOT FIND SdB DOWN PARAMETER” © GOTO 6020 
27629 X=(A7(L)—-B4) /(BS-B4) 

2650 FR=—(X8(F4(H4) -F4 (HS) ))+F4 (HO) 

7651 O(L) =F6(L) / (FB-F7) 

2652 FOR N#1 TO 24 

Z65D ES (N) =F 4(N) 

26354 E7(N) =A(N) 

2655 NEXT N 
@641 PRINTER IS 701,132 

7642 CLEAR 

2645 IF L=1 THEN 2644 ELSE GOTO 74720 

2644 [S5<I5+1 

2645 O9=F6(1)/09 

2646 FOR N=2 TO M 

2647 F6(N) =Q9*F6(N) *O8 

2648 NEXT N . 

2649 GOTO 34720 

7650 FOR N=O TO M-1 

7651 IF L=@N-N THEN X1=M-N-1 ELSE 72652 

2652 IF X120 THEN X1=M 

2655 NEXT N 

2660 FOR N=1 TO 24 

2661 E1(N) =E6(N) 

2662 ED(N) RE7(N) 

7665 NEXT N 

2664 EZ=AS(X1) 

7665 E4=F6(xX1) 

2666 E520(x1) 

2677 ! 

2678 ! 

2679 ' VARY @ 

2680 FOR B=1 TO D9 

2685 FOR K=1 TO 5 

2689 DISP "I AM IN RAVINE FOR O OF MODE ":Xi;" SHOT ":Bi". "sk 
2690 J(1)=E5 

2700 J(2)=1.005%E5 

2710 J(2) =. 99S*ES 

2711 R=*ES 

2720 E(K) =O 

2720 FOR N@=1 TO I(X1) 

2740 C(N) BR/ (J (K) *SOR ((E1 (N) /ES-E4/E1 (N) )724+¢1/3 (K) )%2) ) 
2750 De (E2(N) -C(N))*2 

2760 E(K) SE(K) +D 

2770 NEXT N 

2775 CLEAR 

7780 NEXT K 

DPBIS Vi (X1)e=—( (BE (2) EB (5) ) 7 (DK (CE C2) +E CB) - DHE (1)))) 


Oy, 





2814 ES=J (1)+V1(X1) &. 005%) (1) 

2876 ! 

2977 ! 

2676: 

2879 ! VARY AMP 

=880 CLEAR 

7881 FOR K=1 TO 2 

288° DISP "I AM IN RAVINE FOR AMPLITUDE OF MODE "3X13" SHOT; "Bs". "sk 


2890 J(1)=ES 

2900 3 (2) "1.0025ES 

2710 J Co) =. 978xES 

2920 E(K) 30 

=950 FOR N#1 TO 1(X1) 

2940 C(N) =] (K) / (ES8S@R( (E 1 (N) /E4—E4/E1 (N) ) “24+ (1/ES)“2) ) 
2950) De (ES (N) =C(N))~2 

27608 (KR) s& CK) +D 

=970 NEXT N 

29735 CLEAR 

2780 NEXT K 

womO8V) (x1) =—<« (ECP) =E(S)) / (28 (ECS) +E (S) -2eE(1)))) 


SOTO ETI (1) 4+V1 (X1) &. 002480 (1) . 

s176 ! 

saa 7 ! 

2275 ! 

2179 !' VARY FREQ 

~180 CLEAR 

e201 FOR Kal TO Ss 

So? ose eon RAVINE FOR FREGUENCY OF MODE “:X1;“ SHOT “:B;", "3K 


7190 J(1)3E4 

S200 J(2)=. OOS*E4/ES+E4 

wold J (5) 3-(. OOSSE4/ES) +E4 

v211 RFES 

oO. (iO 

3230 FOR N=1 TO I(X1) 

oe@0 €C(ND@R/ (ES¥SOR( (E11 (N) /J CK) —d (K) /E1 (N) ) M24+(1/ES) “2) ) 
eao0 De(E2(N) =C(N) )“2 

v<60 E(K) SE (K) +D 

2270 NEXT N 

va7S CLEAR 

=~2£80 NEXT K 

beOo V1 (X1)m—( (CE (2) -E 0S) ) 7 (28 CE (2S) +E (5) $28E(1)))) 
ZS06 E42J(61)+V1(X1) &.00587(1)/ES 
2507 NEXT 8 

2206 ! 

S50? ' 

a1 O | 

S311 ! LAST SHOT RAVINE # 

=ei2 CLEAR 

3214 DISP "I AM IN LAST SHOT R" 
2516 J1=ES 

2616 Es) 

eeia? FOR Nel TO 1 (X1) 

Boz20 C(N) #J1/ (ES*S0QR( (E11 (N) /ES—E4/E1 (N) )“2+(1/ES)“2) ) 
oe) De (EZ(N)-C(N))“2 

wee. EE +D 

Sols NEXT N 

~oi6é J1=J1KAS 

SO27 Y2J1/6 

Zoce DIM GSC1iSs3 

~~S0 ASSIGN# 1 TO Z$ 
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3360 T4=TIME 
S571 T7e(TS(X1)+TS(X1)) 72 
SIBO P5=-(.00765% ((T7—7) £2) 72) +. O7OSS% (17-7) /24+1. 6481 
SI81 Ab(X1) =ET 
SIe2 F6(X1) =E4 
SISZ A(X1)=E5 
S390 PRINT# 1,.1S-1 : T4.PS.77.X1,64.31.85.¥.A8(X1),I5-1.E 
5591 ASSIGN# 1 TO x 
S592 G8="5D, 2X. 5D. 2D. 2X, D. SDE vex. 2D, 4X. SDCID. SD, 4X. D. 4DE. 6X, SD. 4D. SX. SDCID. TX. 4D 
, 5X. 2D. 6X.D. 4DE" 
ZZ9Z PRINT USING GS : T4,P5.77.X1.£4.31.E5.Y.AG(X1),I5-1.£ 
S405 IF X1t=L THEN 4981 
3405 I5=I5+1 
3406 IF Y9<24 THEN OFF TIMER# 1 ® GOTO 3407 ELSE 7415 
2407 FOR Y8=Y9 TO I(L) 
5408 H2$="FR” @ H1$="HZ" 
3409 F4$=VALS(X8(Y8) ) 
3410 OUTPUT 717 3;H2$.F4$,H1$ 
2411 WAIT 12*T1+100 
2412 OUTPUT 709 : "VTS" 
2415 ENTER 709 ; ACY) - 
3414 NEXT Ye 
3415 GOTO 1929 
Z420 F4$=VALS(FS(L) ) 
3421 IF L>1 THEN 3422 ELSE 2450 
3422 Q9=F6(L) /Q9 
T42z IF L=M THEN 3427 
3424 FOR N=L+1 TO M : 
S425 F&(N) =Q9%F4(N) 08 
S426 NEXT N 
2427 FOR N=1 TO L-1 
33428 F6(N) =Q9%F4(N) £08 
3429 NEXT N 
3430 AS=VALS(AGI(L)) 
2451 a7,.0e=1 
3440 OUTPUT 717 :A2$.AS,AZS 
3450 WAIT 200 
3460 OUTPUT 717 :H2$.F4%.H15 
2470 WAIT T1*16+100 
2480 OUTPUT 709 :"VvTZ" 
3490 ENTER 709 ; C8(L) 
3491 IF T9=M THEN 3492 ELSE 4978 
3492 T9=M+1 
S492 X1=L 
3494 GOTO 2460 
4978 T9=L+1 
4980 CLEAR 
4981 NEXT L 
4982 PRINTER IS 701.1z=2 
4985 PRINT USING 4984 
4984 IMAGE / 
t 


4995 |! 

4996 ! 

4997 |! 

4998 ! TRACK 
S000 T9<0 


5Oo10 FOR t=1 TO ™ 


SGtle DISF =I AM TRACKING MODE “st 
SOLO F4S$2VALS(FSO(L) ) 
SOTO AS=VALS(CABIL) ) 


PO 





5040 
S041 
S050 
S060 
S061 
5070 
=08so 
5090) 
53100 
S110 
~iaQ 
Shs), 
S140 
S150 
S160 
3170 
53210 


2220 


2s 

3240 
S245 
3250 
3260 
2270 
Ja70 
el OB | 
S210 
=p 

6000 
6001 
6010 
6020 
6030 
6040 
6050 
6060 
6070 
6080 
6090 
6093 
6095 
6100 
6110 
6120 
6t21 
rays Ue 
6125 
6124 
6125 
6126 
6l27 
6128 
6129 
61350 
6131 
61 52 
6155 
6124 
oles 
6136 


OUTFUT 717 :AZS.AS.AZSS 
WAIT 200 

OUTPUT 717 ;H2$.F4%,H1$ 
WAIT T1x16+2000 

OUTPUT 709 ;"VTS" 

ENTER 709 : A9 

IF A9<=.9*¥C3(L) THEN 5110 
IF A9>=1.1%C8(L) THEN S110 
GOTO 5120 

TO=L 

IF AQ>.2 THEN 5210 

AS(L) =2*AB (L) 

AI=2KAD 

IF AB(L)<Al THEN 5120 
AB(L)=Al 

GOTO 5250 

IF A9“<.95 THEN 5245 

AB(L) =ABI(L)/2 

A9=A9/2 

GOTO 5210 

CLEAR 

NEXT L 

ENTER 722 : TS 

IF ABS(T8-T7) >=.2 THEN 1901 
IF T9<1 THEN 5010 

T4=TIME 


Set GONE FO MEASURE DUE TO AMPLITUDE AT TIME “:T4:" 
GOTO 1901 

! ERROR ROUTINE 

OFF TIMER®# 1 

PRINT “Error detected, mede "<zl3;" ERRL = “sERRL:" ERRN 


H=0 

FOR N21 TO I(L)-1 

IF ACN) <ACH) THEN 6080 
IF ACN) =ACH) THEN 6060 ELSE 6070 
PRINT ACN) 

H=N 

NEXT N 

IF O871 THEN 6095 ELSE 6095 
0Q7=08 

CQS8=F 4(H) 

C8=08/F6(L) 

Q8=08407 

F&6&(L) =F 4 (H) 
FASBRVALS(FA(L) ) 
AS=VALS$(AS(L) ) 

OUTPUT 717 :;AZS.AS.AZS 
WAIT 200 

OUTPUT 717 :H2$,F4$,H1S 
WATT T1%*16+ 2000 

SUTPUT 709 2°77" 

ENTER 709 ;' Ad 

IF AG>. = THEN 6125 
AS(L) =2*A8 (L) 

AI=24KAD 

TF AS(L)<AL THEN 6129 
AS (L)=A1 

GOTO 6139 

TF AS. 2. 95 THEN 6139 
AS(L) #ASBfLI/2 
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MODE ";T9 


"sERRN 





6137 
6158 
6159 
6140 
6141 
6142 
6142 
6144 
6145 
6146 
6147 
6148 
6149 
6150 
6131 
615. 
6155 
6154 
6155 
6156 
6157 
6158 
6159 
6160 
6161 
elé2 
6163 
6164 
6165 
6166 
6167 
6168 
e169 
6170 
a7 1 
6172 
cr. 
6200 
7000 
7001 
7006 
7007 
7O1LO 
7O1S 
7020 
7025 
8000 
8001 
8005 
8010 
8015 
8016 
8017 
8018 
8019 
8020 
8025 
B0=0 
8100 
8101 


APG=A9/2 

GOTO 6125 

CLEAR 

G-F ERROR 

te Dos) THEN 6197 


CLEAR © DISP “I AM GOING THROUGH POINTS FOR MODE 


QUTFUT 717 :AZS$.AS(L) .ASS 
WAIT 200 

FIsF6(L) -F6(L) /O(L) 
2=F6(L)+FS(L) /O(L) 

U(L) =(F2-F1)/1 ¢L) 

V(L) =(F2-F1)/2 

H=0 

FOR N=0 TO I(L) 

F4(N) =F6(L) +U(L) ®N=V (L) 
OUTPUT 717 :H2$,F4(N).HIS 
WAIT 12%*T1+100 

OUTFUT 709 :"VTS" 

ENTER 709 ; ACN) 

NEXT N 

FOR N=1 TO I(L) 

IF A(N)<A(H) THEN 6160 
H=N 

NEXT N 

IF H#O THEN CLEAR ® GOTO 6090 
IF H=24 THEN CLEAR ® GOTO 46090 
X=. 707%A(H) 

FOR N=O0 TO H 

IF A(N)<X THEN 6168 

NEXT N 

CLEAR ® GOTO 6090 

FOR N=H TO 274 

IF A(N)<X THEN 6172 


NEXT N 

CLEAR » GOTO 6090 
CLEAR 

ON ERROR GOTO 6000 
GOTO 1903 


FOR Y9=0 TO 75 

XB (Y9) =F6(L) +U(L) 8Y9-V (L) 
NEXT Y9 

Y9=0 

F4$=VALS (XB (Y9)) 

OUTPUT 717 ;H2$.F4$,H15 


CN TIMER®# 1,12*T1+100 GOSUB 8000 


GOTO 1926 

IF Y9>=25 THEN 8025 

OFF TIMER® 1 

OUTPUT 709 ;"VTs" 

ENTER 709 ; X7(Y9) 
YOuY9+1 

4 $="FR" iw Hi S=z"HZ ou 
F4$=VALS(X8(Y9) ) 

OUTPUT 717 :H2$.F4$.H1$ 


ON TIMER# 1,12%71+100 GOSUB 8000 


Te Yo<2o When RETURN ELSE SOLS 
OFF TIMER# 1 
RETURN 


Te 25% (718124200) >1225000 THEN &101 ELSE 81905 


DO=INT (25% (T18124+200) /51000) 


rd 
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[= jai eed 
81025 
8104 
8105S 
8990 
8991 
8992 
8995 
8994 
8995 
8999 
9000 
9001 
9002 
9002 
9004 
90038 
9006 
9007 
9008 
9009 


GOTO 8104 

D9=5 

PRN 0 GF RAVINES 1S "<D9 

GOTO 1885 

CLEAR '¥ GCLEAR 

GOTO 7008 

DISP "ENTER THE STARTING # PT FOR DATA" 


INPUT Y 

IS=Y 

GOTO is 

DISP “ENTER PREAMP GAIN" @ BEEP 

INPUT PS 

DISP "ENTER FSS FROM 5204" & BEEP 
INPUT SS 

DISP "ENTER MULTIP. FROM £204" @ BEEP 


INPUT M$ 

PRINT "PREAMP= ":P$:"  FSS=":S$;"  MULTIP="sMms 
PRINT 

GOTO 1890 

DISP "THE END" 

END 
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LIE SERIE MIE IEPA ALG ETA IS ACT TLV! IL LIL TL ILI SO ES Sat La LAT A te Mi at (at A A’ fas ak Ue fe A Ma te ae Me Sa i 
///7/7// “TMARCAL": THERMOMETER CALIBRATION //77/7/7//7//0174/14171 
CE TTT ATIAIITEPEAIIISITISISIIE LIAS IASI L I ELIT IIS SL IATL IS ELS 
' VALID ONLY FOR: 
' 4dmnmHq < P < 9mmHg 
PBREGUIRES VOLTMETER {722 
' REQUIRES BARATRON-DAU (709) 
1 3 
DIM eR C150). FP (150), 76150), 1 (S00) 
GUTeUTm 7093 "F i> 
Bene. or i" 
GEEGRT2 BEEP 7,500 © DISPF “THERMOMETER CALIBRATION" 
WAIT 2500 


CLEAR © BEEP 7,500 © DISP “ BIAS CURRENT (uA) " 

CNP OE ft 

PRINT "THERMOMETER CALIBRATION" 

PRINT 

PRINT 

PRINT “BIAS CURRENT="21: "uA" 

PRINT . 
PRINT “ M V¢CV) T(K) R (KOHM) * 


! CREATE DATA TAPE 

CLEAR & BEEP # DISP "STORE DATA ON TAPE (Y/N)" 
INPUT RS° 

X6=1 

IF R$="N" THEN X6=0 @ GOTO 360 

CLEAR ® BEEP 7.500 ® DISP "FILE NAME (<6 CHAR.) " 
INPUT FS 

DISP 

DISF 

DISP "CREATE A NEW DATA FILE (Y/N)" 

INPUT RS 

IF RS="N" THEN 350 

CREATE F$.150,40 

ASSIGN# 1 TO F$ 

CLEAR 2 BEEP 7,500 ® DISP "FIRST DATA PT. #" 
INPUT &@ 

FOR M2A TO A+149 

ENTER 722 ; P(M) 

ENTER 709 : V(M) 

IF M>=2 THEN 402 ELSE GOTO 410 

IF ABS(P(M)—-P(M—1))<.1 THEN 4348 

R(M) =V(M) &,001/ (1%. 000001) 

T(M) == (. 007658 ( (P(M) -7) /2) 72) +. 0705548 (P (M) 7) /241. 6481 
PRINT USING 455 3; M,V(M),T(M) ROM) 

IMAGEELD Xe 12.40. 1X.1D2<5D, 2X. 5D2.70 

IF X6#O THEN PRINT# 1,™M 3 M,P(M),V(M),T(M), ROM) 
GOTO 450 

M=M—1 

NEXT M 

ASSIGN® 1 TO x 

END 
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aA TL eI LTS TA SL CIEL AL IA ELIS IS ISS LE LL IL EI IL ES LL SS 
S////4//"COOLDN": MONITORS THERMOM ON COOLDOWN /// S/S SA SSSA 
"Cool-down" thermometer ’ 
program. Requires S216 

counter (#720) and 34=8A 

multimeter (#722). 


! Set-up 

OUTPUT 720 ;"INWAIL" 

DISP “Enter mode number" 
INPUT N 

PRINT "“ Time Temp(K) Rtonms)" 
' Data 

] 

TRIGGER 720 

TRIGGER 723 

ENTER 72.2. 6 

ENTER 720 : F 

T=. 0000248 (F KF) / (NXN) 
T1=TIME © 

PRINT USING 280 ; T1.T.R 
IMAGE X.2D42X.DDD.DD, 2X, DDDDD 
WAIT 300000 

GOTG 220 

END 
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ITAA SIGS IAAL IS AT TID EL LISI IIE ITILIS TIALS ETI TTS ITIL ITT 
Bee 7 4/77 VS eC Ss PO is FRESo REGULATOR TRENDS //7/////7//// 
1O5DIM FP(100) 

= MAT P=(6.6) 

Lo eRINT N Time P (mmHg) " 

16 PRINT USING 17 

17 IMAGE / 

20 FOR N=1 TO 100 

=S GCLEAR > 
20 TRIGGER 709 

40 ENTER 709 : P(N) 

30 PRINT USING 60 ; N.TIME.P(N) 

60 IMAGE 2X.2D.5X,5D.4X.D.DDDD 

70 GOSUB 300 

80 WAIT 240000 

90 NEXT N 

s00 SCALE 1.100.6.75.7.15 

70S XAXIS 6.75.10 

306 YAXIS 1..05 

310 FOR I=i1 TO 100 

SiS DRAW I.P(T) 

seo NEXT I 

SoS RETURN 

400 END 
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APPENDIX B 
DATA ANALYSIS COMPUTER PROGRASS 


PeUCHosces. USGS Law dacva to cAicCulate upper, lower and 
reciprocity temperature amplitude osciilations; provides 
the capability of entering raw data by magnetic tape, by 
hand or a combination of both. 


QUICK..eee. Like REDUCE, except no lower limits are 
calculated and raw data is entered oniy by magnetic 
tape; therefore, a much faster output of reduced data is 


obtained (Appendix D). 


ietriveeeees Ox tracts and prints raw data from magnetic 


tape when a hard copy of this data is required. 


GETDAT....-. A Short program used to retrieve and vrint 


thermometer calibration data from a magnetic tape. 


eeGNE . 3. Incorporates the basic program suggested in 
reference 58 to compute absolute helium temperature from 


a given pressure. 
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S/tttls///// “REDUCE”: He DATA REDUCTION .... WITH T/T 

SAIS TAITS PROGRAM DOES NOT HAVE CUBIC SPLINE TEMPS 

IMIS TATS PROGRAM DOES NOT HAVE E/E INPUT VOLTAGE CORRECTION 
JIS TRAITS PROGRAM DOES NOT AUTOMATICALLY TAKE CARE OF THERMO. CONST 


UW DbUtin~ 
z 
em ef eee eee 


Pei f¢s/////// TEMPERATURE SWINGS ARE REFERENCED TO THERMAL DRIVE 
10 OPTION BASE 1 


20 DIM GaAtsy MCS). ¥ (5), XCL50, =) 

ZO DIM F(40) .M9 (40) .0(40) .T (40) ,VO(40) ,V1 (40) , Y2 (40) 
40 ! He DATA REDUCTIN PROGRAM 

30 X4=1 

70, CEEAR © BEEP 7,300 

80 IF X4=#1 THEN 100 


' 


90 RETURN 

100 X40 

110 DISP "THIS PROGRAM WILL OBTAIN UPPER AND LOWER THERMAL LIMITS FROM He DATA. 
ao visor © DISP “RECTPROCITY CALCULATIONS ARE ASt)!) PERFORMED. ~ 

122 WAIT 7000 

124 GOSUB 70 7 


150 DISP "DATA CAN BE ENTERED BY KEYBOARD AND/OR TAPE." 

Se cotsre © DISrP “THERMGM. CALIB.,T/T,.E/E,.T/E DATA WILL BE ENTERED: ” 

Loe DISP © DISP : 
Isoevlor 7 (A) BY TAPE (B) BY KEYBOARD (E> 
KEYBOARD & TAPE" 
136 INPUT L$ 


Poles me OR ea OR CSe"C" THEN GOTO 128 ELSE BEEP 70.570 © GOTO Is 


iz8 IF us="A" OR LS$="C" THEN BEEP # DISP "INSERT DATA TAPE FOR LATER USE." © WAT 
T 3500 


129 GOSUB 790 


140 DISP “THERMOMETER CALIBR. AND ALL He DATA SHOULD BE ON THE SAME TAPE, BUT I 
Ts) NOT REG" D.” 


142 DISP 
150 DISP "CHANGING RESONATOR DEPENDENT DATA IS AN AVAILABLE OFTION IN THIS PF 
ROGRAM. " 


155 WAIT 8000 

160 GOSUB 70 

170 DISP “PART 1:FINDING dR/dT FROM THERMOM. CALIB. DATA." 
175 WAIT 4000 

PSOeBEEr © DISP 

190 DISP “PRINT TEMP AND RESIST VALUES ON INPUT. (Y/N) " 
=00 INPUT RS 

210 X6=0 @ IF RS="N" THEN 222 

2ze0 IF RS@&*Y" THEN 190 

2270 X6=1 

aoe IF Loe"A”" THEN 420 

224 IF L$=2"B" THEN 280 

226 CLEAR 

=40 BEEP 7.500 © DISP “TEMP vs RESIST DATA FROM KEYBD OR TAPE. (K/T)" 
=J0 INPUT R&S 

260 IF RS$2"T" THEN 420 

=70 IF RS#"K" THEN BEEP 70,3570 2 GOTO 240 

=~80 IF X6#1 THEN TZ 

a7o PRINT 

00 PRINT TAB(4):"N"s TAB(15)3"T(N) "3 TAB(27) : "RCN)" 

310 PRINT TABCIZ) 3 "(CK)": TAB(26)3"(KOHM)" Y PRINT 

215 GOSUB 70 

720 DISP "HOW MANY T&R DATA PAIRS. (2=-150)" 

~70O INPUT N@& DISP 


My 





=40 
UB 

342 
=e) 
2a 
360 
370 
280 
390 
400 
402 
410 
420 
430 
440 
450 
460 
470 
480 
490 
200 
= Slle, 
ae 

S50 
540 
apa 8, 
560 
570 
S80 
S90 
600 
610 
620 
650 


“> 


= oe 


640 
650 
660 
670 
680 
es2 
690 
790 
ZAC 
720 
730 
740 


750. 


760 
7 FAS) 
800 
805 
810 
820 
830 
840 
850 
860 
870 
88c 


IF N>150 OR N<#1 THEN BEEP 70,570 & DISP “INVALID NUMBER OF T&R 


118 


PAIRS" 


SHES, 

GOSUB 790 

Bok SL. 1G) N 

FOR I#: TO N 

DISP wT (Hs Tee Fe Cote Te tt atts 

MPUex Cl, 1).X CT. 2) 

IF Xé6@2 THEN PRINT USING S90 3; 1,X(1,1),X(1.2) : 
IMAGE 4D,25X,5DZ.4D,2X,6D2.4D 

NEXT 1 

BEEP © WAIT SOO © BEEP 

DISP "DATA ENTERED" & WAIT 2000 @ GOTO 6190 

BEEP © CLEAR © DISP "RESIST. CALIB. DATA FILE NAME"; 
INPUT FS 

ASSIGN# 1 TO FS 

BEEP © DISP "FIRST ":F$;" DATA PT.#" 

INPUT Ki 

BEEP © DISP "LAST "sF%:" DATA PT. #”" 

INPUT K2 

FOR N=K1 TO K2 

READ# 1 ; N.P.V,X(N,1).X (N25) = 
NEXT N 

ASSIGN# 1 TO * 

Deo. oe oi THEN 770 ELSE T= 1 

PRINT TAB (C4): "Ns TABC IE) 2 "T CN)": TABCS7) 3 "RCN) ® 

PRINT TABCIS) 2" (K) "3 TABCSS5) ><" (KOHM)” © PRINT 

FOR I#Ki TO KZ 

PRUNteesiNGes7O 3) 1.x ¢1,1).X¢1,2) 

NEXT 1 

PRINT 

IF T=1 THEN 770 

Pececoneee seer © DISP “STORE YGUR!DATA. (Y/N) “ 

' INPUT R$ 

' IF R&="N" THEN 770 

ieee se ¥ tHe N BEEP 70,570 2 GOTO 610 

SSP a9 BESP © DISP “FILE NAME...~7 CHARACTERS" 

‘ INPUT FS 

eo se 2 Sheer & DISrP “CREATE “sES:" FILE. CAIN? 

! INPUT R&S 

' IF R$="N" THEN 700 

' IF RS#"Y" THEN 660 

' CREATE FS. 150.24 

' ASSIGN# 1 TO FS 

Polo eee sees & DIS “FIRST “Fae” DATA PT. #" 
PNPUT 2 

' FOR MekK1 TO K2 

! PRINT# 1 9: M,T.R 

' NEXT M 

' ASSIGN#® 1 TO % 

Poe TG ING Ur dkh/dT 

YO1) ,Y(S)SINF © V(2).YC4) a-INF @ ACI). AC2). ACS) .AC4) , ACS) =O 
IF LS$2="B" OR RS="K" THEN K1iz=il ® K23N 

FOR Ideri TO K2 

TREO YY Cad 5 X001, 12) THEN Via) =x(11.1) 

ceva OAR Lee) THEN Y¥Clyex<cT 1.1) 

Pee vCa 2X (1 102) THEN Y¥C4)=X(11i,2) 

Preece) ok C11, 2) THEN Y¥(0) 2x1) 2) 

ACL FAC1LI+X011,1) @ ACQZIMACDIEX CTL. 1) &XCT1.1) © ACI) SACI 4X CT1.2) 
ACS) @ACS)4X(T1, 2) KX(11.2) 8 ACS) MACS) +X(T1,1) «xX C11.2) 
NEXT Ti 


¥ GOS 





38s 
890 
900 
910 
[20 GOSUB 70 
947 ! 
950 
960 
EG. 
965 


N#¥kK2—K1+1 


PRINT & 


TEME.* 
GOTO 390 
970 DISP 
980 DISP 
Ara." 
982 INPUT S$ 
984 IF Sss="y" 
986 IF SS$#"yY” 
990 Q12A(S) © 


M(1)#AC1)/N & 
M(4) =(A(4) -ACS) FACS) /N) / (N=1) 
RS=M (3) -M(1) ¥M (5) 


PEHECK RESIST. CAL.B. 


&@ M(l) =(ACD)-AC1) FAC1) JN) / (N=1) 


wy 


@ M(S)=ACS)/N 
M(5) 2(A(S5) -~AC1) FACS) JN) / (ACD) KAC1) KACL)/N) 


EXPONENTIAL REGRESSION BEGINS 
PRINT 


IF Y(1)<=0 OR Y(S)<20 THEN CLEAR @ BEEP 70.2570 @ DISP “CAN'T TAKE LOS OF AN 
e@ GOTO 970 


DATA AND ENTER 7 Y- IF YOU WANT 7O ENTER NEW D 


THEN 315 
THEN 980 


1000 
1010 
1020 
1030 
1035 
1040 
1050 
S=M(S 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1140 
ee) 
Liss 
1160 
1162 
iT 
yy WD 

1180 
1190 
T1952 
1200 
bei 
e2O 
1230 
1240 
L250 


ar" 
oo we ie 


1260 
1270 
1280 
peo 
i292 
1290 
1510 
mes @) 
iz 

12540 
1342 


Q22A(4) 
FOR I2K1i TO K2 

TIFLOG(X(I,1)) 
ACSIBSACSI#XCILL 
NEXT I 

NeKk2—-K1+1 
Cam(S) © D=M(S) 


.=M(1) sMCS) 


@ Q52A(5) 
F2e2LOG (XxX (i, 2) ) 
)*TD 


@ E=M(4) 
M(4) 2(A04)-A(T) A2/N) J (N=1) 


2 ACS) .AC4) .A(S) =O 


2 ACDTI=HA(SI4T2 2&@ AC4) =A(4)+T2I8T2 


@ FERS @ M(S)=ACIZ)/N 


9 MCS) =(ACS) ACL) RACIST) SND SCALZI) K-ACL) FACILI /ND OR 


S32M (5) (ACS) -AC1) FACS) /N) 
R22S/ (A (4) -A(S) KACS) /N) 


PRINT USING 1090 , 
IMAGE 
PRINT USING 1110 ; 
IMAGE 
DiSP 

INFUT R$ 

IF RS="N" 
IF RS#"Y" 
PRINT © 
DiSr ue 

Dist 


PRINT 
SEEP 


INPUT RS 
IF RS&="N" 
IF RS#"Y" 
PRINT - 
PRINT 

FOR Iak1 TQ K2 
YEFNV(X(I,1)) 
PRINT USING 
NEXT I 
GS=0 
CLEAR we 
INPUT RS 
IF RS="N" 
IF RS#"Y" 
IF G8=1 
PRINw 
CLEAR 
INEUT T 
YaFNV (T) 
PRINT USING 
GS=1 


THEN BEEP 
TCT) 


PRINT 
BEEP 2 DISP 


THEN 1390 
THEN BEEP 
THEN 12510 
TCT) 


BEEP © DiSP 


THEN 12590 
THEN 2750 


“WANT ESTIMATE AND RESIDUALS FOR ALL PREVIOUSLY ENTERED DATA. 


THEN 1290 


R¢1) 


"2DZ.50. 


CeveedL. 


R2 
“CCRRELATION COEFF. =" 


(2De. OD ea / 


EXP CRS) MCS) 
SRHAT\ <D2-4D. "EXP(".40Z.4D."7T) ” 
"CARE TO ESTIMATE A RESISTANCE. 


CY 7 ND” 


(Y/N 


© GOTG 1170 


RHAT Reo iD” 


aD toe Ol Oe ie oD 2 XC Lal) eX Cl 62d, YeA C12) -Y 


seeeccscls POR ANY OTHER TEMP. (Y/N) ” 


70,270 8 GOTO 1260 


RHAT " 


"YOU WANT RESIST. AT TEMP. =" 


3X%.4D2.SD”" =: T.Y 


eS) 





1250 
1560 
1570 
1580 
1590 
1490 
1410 
14820 
14 50 
1440 
1450 
1460 
1470 
1475 
1480 
1490 
1491 
1492 
1492 
1500 
LoL 
1s. 


las 


1540 
1550 
1560 
1370 
1580 
1390 
1600 
1605 
1607 
1410 
1620 
1650 
1440 
1650 
1680 
1690 
1700 
P7701 
1710 
HEP LS) 
1720 
ard 
1740 
1730 
1760 
1770 
1789 
17 FO 
1800 
1310 
1850 
1840 
1850 
1860 
1862 
1865 
1868 


GOTO 1260 

DEF FNV(X) 

FNV=EXP (RS+M(5) *X) 

FN END 

GOSUB 70 

DISF “OBTAINING EXPRESSION FOR dR/dT" 
WAIT 1500 

Y=EXP (RS) *M(5) © PRINT ® PRINT 

PRINT USING 1440 ; Y.M(5) 

IMAGE "GR/dT=",5DZ.5D, "EXP (",4DZ.4D, "T)" 
GOSUB 70 


DISP "PART 2: UPPER & LOWER LIMITS FROM T/T DATA." 
! THE LOWER LIMIT PART 

DISF 

DISP "ENTER IGBIAS) USED IN THERMOM. CALIB. 

INPUT B2 


IF LS$="A" THEN 1790 

IF LS2"B" THEN 1540 

GOSUB 70 

DISP “TH/TH DATA FROM KEY8SD. OR TAPE. (K/T)" 
INPUT R$ 

IF RS#x"T" THEN 1790 

IF RS#"K" THEN 1500 

GOSUB 70 

Blar Fins: T/T DATA PTs 

INFUT Ko 

BEEP @ DISP “LAST T/T DATA PT.” 

INPUT K4 

GOSUB 70 

X6.2,X5=0 

Picea wit YOU ENTER Tener OR PRESS VALUES. 
INPUT R$ 

FOR IS=KS TO K4 


CEEAR @ BEEP © DISP SF (™; 157") Vout (%3155").00%3 153"), 


THEO Clo). VOCISIeetis).V1i Crs) 

IF X6=1 THEN 1690 

IF 231 THEN 1750 

IF RS="T" THEN Z=1 © GOTO 1760 ELSE X6=1 
GGSUB 1710 

GOTO 1750 


DISP “PART 1:FINDING GR/dT FROM THERMOM. CALIB. DATA.” 


BEEP DISF © DIsre “ENTER PRESSURE” 
INFUT P 

Tae C2007 65% ((P=7) 72) 72) +. O7055% (P=7) /2+1.6481 
Zizi 

RETURN 

T(1S)=T © GOTO 1929 

Bise it io.) =" 

INPUT 7 ¢IS) 

Z=1 &@ GOTO 1920 

GOSUB 70 

DIS® "T/T DATA FILE NAME.” 

INPUT F$ 

DIiSre “T/7...-FIRST “:F465" DATA PT 7" 
INPUT K2 

BISP “T77...-LAST “se$e" DATA PT.#" 
INPUT K4 

X3=0 

ASSIGN# 1 TO FS 

IS=1 


1 Z0 


Vigor Ss us" 





1870 
1880 
1890 
1920 
to2> 
1920 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2082 
=090 
2100 
2110 
2120 
Rl mer 
21350 
2140 
21350 
2160 
a7 0 
2180 
2162 
23190 
2200 
e210 
2220 


Coe eam Teena 
oo =P te" 


2240 
=a 42 
230 
2200 
2270 
f272 
=280 
sa7O 
2500 
Soto 


a= 
ae “en! te! 


ie aman) 
me et ee ioe 


2340 
=o 20 


= 260 
2570 
=Zoe0 
=~~70 
oes 


~794 


FOR HS2K> TO K4 
READ feels ro fl lle lsreltiars VO... o.V1.H5.C 
T(IS)=#T © VOCIS) =V0 #8 V1C(TIS)=V1 & OCIS) =0 


YeCIS) =-NUCT (IS) ) 
IF XS=21 THEN 2420 
P Viel= Wistatstn (Oa Sipe lara ie 


GOSUB 70 
DISF =NeTE:”: 


DISP " (1) RESONATOR GEOMETRY IAW... 
Dise <2) CONSTANTS ARE REF. 710 


DISP 2 DISP 


G1=2.0564 © G2256.406 ¥ C12.1455 2 C2=2041 & 


DISP "DIAM. (SQU"°D)=";G1:"SQR. cm" 
DISP "HEATER RESIST.=":G2: "Onms" 
DISP “He DENSITY2"3:C13 "g/cc" 

DISP “SPEED (UZ)e":3ECS:"em/S” 


DISr  SteG en Head 


BISP © BEEP 7, S00 
DISP "CHANGE ANYTHING °°? (Y/N) " 


INPUT RS 
IF RS="N" THEN 
IF RS#"Y" THEN 
GOSUB 70 


DISP "DIAMETER. 


INPUT R$ 
IF RS&="N" THEN 
IF RS#"Y" THEN 


=410 
<=060 


(Co) es"; C2." 37 (g=—k) " 


we Y/N) 


=160 
=100 


DISP ENTER DIAMETER: ‘(cm)” 


INPUT G 
G1=G6*2 


Pec ee Loewen m Reolol.. . ¢Y/N)™ 


INPUT RS 
IF RS="N" THEN 
IF RS#"Y" THEN 


FNEAEAC) 


oO 


DISF "ENTER HEATER RESISTs (Ohms)” 


INPUT G 

==G 

EEEAR © BEEF 
INPUT RS 

IF RS="Y" THEN 
TF RS#"N" THEN 
GEEARR © BEEP 
INPUT RS 

IF RS="N" THEN 
TF RS#"Y" THEN 
DISP "ENTER He 
INPUT € 

C1i=C 

CLEAR © BEEP © 
INPUT RS 

IF RS="N" THEN 
IF RS#*Y”" THEN 


Disr 


=410 


AAO 


= = 


DisP 


2510 


$200 


Somer All... £Y7N) = 


“He DENSITY.... 


PENGITY: <o7ec)” 


DSF 


23/0 
=o10 


Pi oeeeeNteR SPEED: 


INPUT C 

C2=C 

CLEAR @ BEEP @ 
INPUT R$ 

Ir RS2"N" THEN 
IF RS#"Y" THEN 


Dis eee SEG. 


Dloe 


2410 
2270 


Seco 


Soret. 


(em/s)" 


HEAT... J/(g-H)" 


eZee 


CUS) cee (Y/N) ™ 


HEAT... CY/N)" 


@ FC IS)=F 


LAB ROOK P.29" 


1.65K" 


Cr=1.867 





2570 
ao78 
2410 
2420 
2450 
455 
2440 
2450 
2460 
=470 
=480 
2482 
=484 
2490 
2492 
2494 
2496 
2500 
2510 
=oa20 


=S 20 


2540 
2J42 
2544 
2546 
Pape I 
2554 


Acc 
on ew ed 


2560 
2570 
2580 
=590 
2650 
2440 
2650 
2660 
2570 
2680 
2690 
=700 
2710 
Z7us 
~714 
2716 
2716 
OE (RAS) 
27 20 
2740 
L720 
2760 
POF FP 
2763 
2764 
2765 
2767 
E770 
2780 
2790 
2795 
2200 


INPUT C 

Cs=C 

XS= 

IS=IS+1 

NEXT HS 

ASSIGN# 1 TO * 

DEF FNU(T) 

FNU2M(5) xEXP (RS) L1LOOOKEXP(M(S) *T) 

FN END 

GOSUB 70 

DISP “PART 3S: RECIPROCITY" wo DISP 

IF LS#"A" THEN 2700 

IF LS$="B" THEN 252 

' THE E/E PART 

X7.ZY=0 

DISP "E/E DATA FROM KEYBD. OR TAPE (kK/T)" 

INPUT BS 

IF BS=2"T" THEN 2700 

IF BS#"K" THEN BEEP 70.570 2 GOTO 2494 

DISP © SEEP & DISF "FIRST E/E DATA FT. #" 

INPUT KS 

DISP #& BEEP #® DISP "LAST E/E DATA PT. #" 

INPUT K6& 

DISP & BEEP & DISP "ENTER DRIVER CAPACITANCE: (pf)" 
INPUT G 

GOSUB 70 

DISP "WILL YOU ENTER TEMP SR PRESS VALUES. (7T/P)" 
INPUT R& 

FOR IS=KS TO KS 

Clean ereer iIsebisre “re (terse?) Vout ("sI1Se") ao". IS: "), 
ENE Owe (ls). VO CIS) <0 61S) .V1¢(1I5) 

IF Zi#1 THEN 2650 

IF RS="T" THEN 2670 

IF RS#"P" THEN 2554 

GOSUB 1710 

TCISI=T © GOTO 24690 

DISP oT <("=7Ss “a= 

INPUT %¢15S) 

GOTO 2800 

DISP # BEEP  DISP "E/E DATS FILE NAME" 

INPUT FS 

CLEAR © BEEP © DISF "CAPACITANCE SIDE A" 

INFUT P1 

BEEP & DISP &® DISP “CAPACITANCE SIDE B" 

INPUT P2 

ASSIGN# 1 TO FS 

BISP = BEEP @ DISP “E7E....FIRST “sFS-2" DATA PTC” 
INPUT KS 

DISP #® BEEP © DISP "E/E...-LAST “:FS:" DATA PT.#" 
INPUT K6& 

DISP @ BEEP @© DISP "E/E...DRIVING SIDE A OR 8. (A/B)" 
INPUT AS 

IF AS="Q" THEN G=P1 & U9=P2 

IF AS="B" THEN G2=P2 © US=P1 

I5=10 

FOR HS=KS TO Ké 

READS Ian <> Vile t.P.M.F.VGa@.S.V1.HS.C 

F(IS) =F @ VOCIS) =v0O # OCIS) =0 & VICIS)=HV1 & TCISD ST 
IS2IS+1 


ow (oro 


E22 


Vi Cis | Core hn) Je — Sa 





' DEVELOPING (MAXMB) 
TF BS2"K" OR LSe"B" THEN 3910 
ASSIGN# 1 TO *& . 


' DEVELOSING MA/MB 

' ENTERING T/EA & T/EB DATA 

X6=0 

GOSUB 79 

IF X6=0 THEN NS="A" 

IF X6=1 THEN NS$="3" j 


IF LS="A" THEN T1100 

IF L$="B" THEN 7000 

IF XS=1 THEN 2960 

DISP "T/EA DATA FROM KEYBD. OR TAPE. (E77 & DISP 
IF X6=0 THEN 2970 

DISF “T/EB DATA FROM KEYBD. OR TAPE. (K/T)" @ DISP 
INPUT RS 

IF RSe="T" THEN 3100 

IF RS#"K" THEN BEEP 70,7570 © GOTO 272940 
DISP "FIRST T/E":NS3" DATA PT. #" 

IF X6=1 THEN INPUT K9e8 GOTO T7020 

INPUT K7 

BEEP @ DISP "LAST T/E":NS:" DATA PT. #" 
IF XS=1 THEN INPUT Bie GOTO 7040 

INPUT K8 

IF X6"1 THEN J222 

GOSUB 70 

FOR IS2k7 TO K8 

Dirsree Vou t".eTSe") .Vi ("<2 1S. lm" 

INPUT VO(IS),V1¢1I5S) 

NEXT eho 

GOTO 3220 

DISP "T/E"s:NS3" DATA FILE NAME" 

INPUT FS 

ASSIGN# 1 TO FS 

Vis eee eos hve sNSs". 6... FIRST “sFsis" DATA PT. #” 
IF <*S=1 THEN INPUT KS® GOTO 72150 

INFUT K7 

DISF © BEEP © DISP “T/E"sNS3"....LAST “sFS$:" DATA PT.#" 
IF X621 THEN INPUT 851e GOTO 7170 

INFUT KS 

IF X6#1 THEN 23280 

IS=20 

FOR HS#K7 TO KS 

READ# 1.HS ; T1.T.P.M.F,V0.0,5.V1,HS.C 
VO(IS) 2V0O 2 VI(IS) =vi 

IS=IS+1 

NEXT HS 

ASSIGN# 1 TO x 

XS6=1 © GOTO 2940 

GOSUB 70 

FOR ISs=kK9 TO Bi 

Disk e Vout tS." 7 (2s 1S op aS 

INPUT VOC(IS) ,.V1¢I5S) 

NEXT IS 

SaGS SsIC 

IS=2 

FCR HS=K9 TO Bl 

READ¥s eo Sela l. FP oMoF.Vv0O.0.5.V1.H5.C 
VO(IS) =Vv0O © ViC(IS)=Vi1 


Ts*tS+t 


ZS 





-<—~ 
2210 
a 
a oe 
= 
a at 


~T40 
SISO 
_-2a * 
Soos 
so 


wu 


~ vI6 


3560 
S370 
£260 
poy = fs 
a= 90 
2400 
3410 
~412 
2420 
») 

2450 
3455 
~4 28 
7440 
7445 
3446 
7447 
7450 
3455 
7458 
7460 
2470 
~472 
S474 
3475 
3476 
2477 
=480 
~490 
3492 
7494 
2400 
2e10 


ed oe 


ZSSO 
3540 
wa) 
~560 
Bel) 
570 


NEXT HS 

ASSIGN# 1 TO * 

' CALCULATIONS START HERE 

PRINT 2 GOSUB 70 

DISP "NOW TO PUT IT ALL TOGETHER" 
U=0 ¥ WAIT 2500 

GOSUB 70 

JS=10 © J6=20 2 J7=30 

FOR» isa TO K4-kotl 

We IPC(FCIS)/100) ! T/T 

Eavocrls) 7 (—-(B2x. OOOOO1 KYZE(I5))) 
V1(1I5) =. 0290666667+1.0488675*V1 (15) 


U=BxOQ(1S) «(V1 015) &. 001) °2/ (PI*2DKG1eG2eCl eC2xCoaeSQR (2) ew) 


4 = 
V1 (35) =. 0290666667+1. 0488675 *V1 (J5) 
VO(JS) 20 (55) §¢(1+84/U9) 


ROZVO (JS) eWaPIxGixeClaeCreCi/ (V1(I5S) . OOLKL6KE (IS) eGe. OODONGCOQONHOLKO(CIS) eT (IS 


' T/EA 

V1(36) =. 0290666667+1.0488675xeV1 (356) 
VO(J6) 2VO0(J6) K(1+B4/P1) 

RB=V0 (36) /(V1(J6) ®.001)%2 

PRIM OVI Jas ae 1 CJS) 

PRINT “VOCs Ja? "=" 2V0O(I5) 

PRINT "RO2z"s;RO 

' T/EB 

V1 (037) =. 0290666667+1. 0488675 x*V1i (57) 
VO(J7) sV0(37) «(14+684/P2) 
R9=V0(I7)/(V1697) «%.001)72 

BB=RE/RO 

HB=(V1(01I5S) /V1(96))*2 

H92%(V1C6I5) /V1(697))72 

ERIND V7 eA. «. VOUtS (Vind ~2-":RG 
PRINT "“T/EB...Vout/ (Vin) *22#"sR9 
PRINT "V(TA) /V(TB) ="358 

M1=V0 (36) /SQR(ROXBB) 

M2=V0(J7) «BB/SQR(RO*BB) 

Mi=M1*HS 

M2=M2KH9 

IF W20 THEN U=U+l1 

IF UzS THEN 4044 

PRINT @ PRINT " MODE ":W @ PRINT 
PRINT "LOWER LIMIT= ":L/.QQ00001: "uk" 
PRINT “delta TCA "*sM1/.0000013 “uk" 
PRINT “delta T(B)= "smM2/.0000013: "uk" 
PRINT "UPPER LIMIT "sU/.Q00001:3 "uk" 
PRINT 


IF L<sMi AND M1<=U AND L<=M2 AND M2<=U THEN FRINT “NODE 


PS tae su) TON = 


aS 7p 
~ 280 
Soc 1 
wuee 
See ob 
~590 
pe ee 
4042 
4044 
4046 
4050 


oe Seren Pr Ries MObE  tWs HAS REVERSED LIMITS." 


s 
@ 


Ws" 


HAS CORRECT D 


TP omic OR Misco THEN PRINT “MEDE “sW:" HAS RECIPROCITY BEYOND LIMITS. " 


PRINT "ABS. SENS. (A)=":SQR(ROXBS) 
PRINT “ABS. SENS. (B)=";SOR(RO*ES) /BS 
FOR I=1 TO 52 

PRINT "x"; 

NEXT I 

IF U#l THEN 4046 

I5=K4 

S=JS+l @ Jo=Jo+t & I7=I7+1 

NEXT IS 


124 








Togs eos HEN DEEP 70,570 © DISr “NO MORE DATA. 
4062 GOSUB 70 

4064 FOR I=1 TO 5 

4070 DISP 

4080 NEXT I 

BOGOSDTSr TABCI1)< “THAT'S ALL” 

SOOO END 


LZ 5 
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® é : 


bade 


TI Ta ITI I TIAISITSLAILASI SES IS TSI ATT ELSI ISI TIT SST 
Vii77//memiCkK 2... an@ BATA REDUCTION (7777777777777 711/7/771 
//i/////// TAIS PROGRAM HAS ALL CORRECTIONS AS OF 7 SEP 82 

TAC EP ILA TAA SASL IDS ASL EIS IPIT ELISA ILE IL TST ELAS TET 


“OPTION BASE 1 


DIM F(40),G6(135) .0(40) .T(40) .VO(40) .V1 (40) .K (15) .B(25) ,.2(029) -D¢4) 
INTEGER 1,2.K : 
Use"x" ’ 

S/S //// SETTING UP (40-100) //////+1 

CLEAR @ BEEP @ DISP "DCG YOU DESIRE COLUMN HEADINGS." 


INPUT VS 
IF VS#"Y" AND VS$#"N" THEN 40 
X4e1 


CLEAR ® BEEP 7,500 

IF X4=1 THEN 76 — 

RETURN 

X4=0 

DISP "CHANGING ’*ONLY’ DATA POINTS 7? (Y/N)" 
INPUT P$® IF PS="Y" THEN 108 


IF PS#"N” THEN CLEAR @& GOTC B82 - 

ELE@R © BEEP &@ DISP “E/E AND T/E DATA WILL BE ENTERED:”" © DISP © DISP 
DISr (A) BY TAPE (B) BY KEYBOARD" 

DISr = (C) BY KEYBOARD & TAPE" 

INPUT LS ~ 


ie UCSega” OR ES="S" CR UCS226" THEN GCTO 100 ELSE BEEP 70.570 © SOCTC 92 
IF LS2"A" OR LS#"C" THEN CLEAR © BEEP @ DISP “INSERT DATA TAFE." © WAIT 


eS S/S SST FP ANEUL (208-116) 4/7/4717 
EEEAR © BEEF © DISrP “ENTER FOUR ARGUEMENTS” 


DISP © DISP & DISP " RUN #, FILE NAME, CAP’S A.B" 
INPUT R.FS.P1.F2 


ELESR © BEEF DISP "ENTER 3S PAIR OF DATA END-POINTS (6 ARGUEMENTS) FOR: " 


DISr © BiISr ” E7E. 176A. 17EB” 

INPUT KS.K6.K7.K8.K9. Bi 

DISeeessece © DISP “DRIVING SIDE A OR B 7" 
INPUT AS 

X6=1 

DISrP © DISP 


[Om Se4¢e7// SER. AREA &% RESISTANGE /4/7////// 


O G1=2.0564 ww G2=56. 406 

QO X31 

O ASSIGN# 1 TO FS 

seu 477////7 SEL*CAPAEITANCE //////7/7/ 
O IF AS="A" THEN G=P1 U9=P2 


ry 


2740 IF AS="B" THEN G=P2 2 U?=P1 


O 15210 

O IF UsS="Y" THEN 2770 

= YO 

9 ! S/////// READ E/E DATA ///////7/ 


O FOR HS=KS TO K6 
eRe MOR eit seta ek aM... VO,0,S.V1,HS.E 


3 CLEAR @ DISP "IN SEARCH OF...TEMPERATURE” @ GOSUB 6000 
& Y=4 


O FC(IS)=F @ VOC(TS) #=V0O & OCIS)=0 #2 VICIS) V1 & TC(IS) =T 


2 bow ior 


O NEXT HS 


2900 ASSIGN# 1 TO t 


SO X60 


1 IF X6=0 THEN NS="A" 


126 





2942 IF Xé#1 THEN Ns=#"5”" 

si20 ASSIGNY 1 TO Fs 

2170 IF X6é=@1 THEN [280 

Si7S I5=20 8 Y2=4 

sige! a//7///7 READ T/EA DATA ////7/7/7/71 

3180 FOR HS5=K7 TO KS 

PE oUeREarwY THs > TlotTse oor. VO.8.S5.V1.H5.C 


2195S CLEAR @ DISP "GONE FISHIN’ FOR...TEMPERATURE” @ GOSUB 4000 


S208 VOCIS)#VO © VICIS)=V1 © TCIS)#@T © FCIS) @F 2 O¢I5) 20 
~205 I52TS+1 

3206 NEXT HS 

2210 ASSIGN# 1 TO * 

T2200 X6=1 w GOTO 2941 

2280 I5=S0 & Y=4 

Saecae! //77//// READ T/EB DATA ///7777/7/ 

sess FOR HS"2K9 TO Bi 

S27 oO Reeve ono sbi... .VO,8.S. V1.4S.€ 

3295 CLEAR # DISP "WAIT...FINDING TEMPERATURE” # GOSUB 6000 
S300 VOCIS)=v0 2 VICIS)aV1 & TCS) ST © FCIS)SF @ Q¢(I5) 20 
~~0S5 I52IS+1 


3Z10 NEXT HS é 
ZIZZO ASSIGN# 1 TO * 
S250 ' //////7/7/ SET HEADINGS (2521-3262) //////17 


So51 PRINTER 1S 7O1,1iS2 

S352 PRINT CHRS(27) &"&kis” 

SIS4 IF V$="N" THEN PRINT @ GOTO 2245 

23540 PRINT & GOSUB 70 

S342 PRINT TAB(S8): "RUN # "sR 

7744 PRINT TAB(S6):"DATA REDUCTION" & PRINT @ PRINT 
Saee PRIN E/E ('skS:° TO “sk6s") “ 


TO 46 PRINT ob T/EA Gee Regeer. TO "eKBs 05) "."T/EB ONE or Eig TO Web ts ct.3 


3547 IF V$2"N" THEN PRINT @ GOTO 2565 
~s50 BSs"Ua —- Ub" 


wre es 


SIS PRINT @ PRINT USING 3554 2 "TT". "re". "F", "Fe" "Str", "STu". BS. "S(A)" 


tse. a>.” 


NS) OS AST 


ZI54 IMAGE 10X.1A.11X. 1A. 2(10X. 18), BX. SA. 9X, TA. 7X, 7A. 2 (9X, 4A) BX, 7A. 7X. 2A 


SISS PRINT USING STS56 : "avg", "avg". "avg" 

Z5S6 IMAGE 9X.5A. 20x. 5A. 50x. 2A 

ST57 PRINT USING 2ZS8 : "MODE". "¢(K)","¢(K)", "(HZ)", "(HE)", " CuK)” 
V/K)"," (V/K)" 


“re 


STSB IMAGE 40A,5X.5A. 9X. 2A. 2 (7X, 40) .6X. 40, 2 (8X. 4A). 10X.5A,8X. SA 
TI40 FOR I=1 TO 122 

S361 PRINT "_"s 

S562 NEXT 1 

Sl6l IF US="Y" THEN Dzé5 

7264 U7=0 

3365 J6é=20 @ J7=S0 

S366 ! //////// CALCULATIONS //////// 

3367 FOR JS=10 TO Ké-KS+10 

SE OM Tee CSN 200) 8 oa c esse cect ct eseccsscs MODE 
SIBS V1 (36) =. 029066666741. 04886754V1 (J6) 

3288 wW9=0 ¥ GOSUB 7000 


A ne (uk) ae i) (uk) ea dam 


we7O0 UsB8t0( 36) (V1 (36) %. 001) *2/ (PINSEGLAXGSKCLKSOR (ZS) BW) |§ gc cece cee es STUCA) 


~oF72 W9=2 © GOSUB 7000 

~400 UB=840(57) (V1 (36) F. 001) *2/ (PI*DAGLeGOsC1xSOR (2) sw) 3! 
2410 Vi{JS)e-.28676+.995198V1 (JS) 

3412 VO(JIS) sV0(J5) k(1+84/U9) 

3415 W921 e GOSUB 7000 

wets 1’ ////// PROD. of SENS*°s ///7///7/7/ 


STu (B) 


~820 ROBVO (IS) FWEPTKGIECIS (V1 (IS) &. OOLRIGRE (IS) eGe. QOCOONOOONOOL FO (IE) tT (35) ) 


ae 





~4=8 
3440 
~450 
2455 
2458 
3460 
3470 
T472 
3474 
2480 
23490 
S492 
3494 
3496 
3498 
$520 


-o7 
vat eed ead) 


rerr 
_ —_ 


VoS4 


dl diame 
ooo 


eo vo 
sJo/ 


Sed —yeemead 
ot ed 


T7540 
~S541 
=.HS 
Saete 


VO(J6) =VO(J6) ¥(1+84/P1) 
RB=V0(J6)/ (V1 (J6) &.001)%2 

aves ; 

V1 (37) =. 0290666667+1 . 0488675 4V1 (57) 
VO (J7) =VO(J7) &(1+B84/P2) 
ROBVO(T7I/ (VI (TT) #.001)%2 


BB=RB/R9 

HB=1 . 
H9=(V1 (J6) /V1 (37))72 : 
ML=@VO(J6)/SOQR(ROSBB) |! ..cccccccccccece eee SCA) 
M2=VO(J7) *BB8/SOR(RO*BB) |'§ .eccanccccessee ST(B) 
Mi=M1%*H8 

M2=M2KH9 

Si1=SOQR(ROKBB) |! ..ccccceceeeeeee ABS. SENS. (A) 


S22S0OR(RO*ESB) /BB ! //////// ABS. SENS. (B) 

Fis (F(JS5)+2"F (36) +2"F (537) )/5 

Ta(T (35) +T (J6)+TOI7))7/75 

SS aSGRn Ct) Cleve et! (06) 261 (7) TEST 2) ! ce eet we we sn ies St. GeV... TEMP 
SOM USUB IY 2 Ec a aime wn ees oe am claseine AVG Siu 

G4eSen ( (hao wee er (JO) ) seer Gl 7)) “ey 7 S-F 1-2) ? seececess St. dev. FREQ 
IF M2<=S8 THEN HS$=2"YES" ° 

IF M2>S8 THEN HS="NO" 

S9=U-U8 

mes CSAS UTE SSIS SILL 

PRINT USING 2os0 3; W,7T,Co.Fi.C4.M2/.9000001.58/.000001.59/.000001.51.S=2,S58/M 


IMAGE ~D.2(5X,1D. 4D) .4X. 4D. 5D. 4X.1D.50.5(46X,. 4D. 5D), 7X. 5D. 2D. 7X. 5D. 2D. 7X, oD. 


2D.7X,5A 


4046 
4050 
4052 
4054 
4056 
4060 
4064 
4070 
4080 
4090 
5000 
3999 
6000 
6020 
6050 
6040 
6050 
5060 
6070 
6080 
6110 
5120 
6150 
6140 
6150 
6160 
6170 
6180 
6190 
6200 
6210 
SE20 


J6=J6+1 & J72I7+1 

NEXT JS 

CLEAR © BEEP w DISP "MORE DATA" 
INPUT US@ IF US#"Y" THEN 40 

IF US#"N" THEN 4052 


CLEAR 

FOR Iett TO S 

DISP 

NEXT I 

BEEP © DISP TABC(IL)s"THAT’S ALL" 

END 

ee 7 EBLE SPLINE TEMP SUBR. 4/////7/7 
IF Y24 THEN 6080 


FOR T=21 TQ 29 

READ Z(I) 

NEXT I 

FOR T1 TO 2S 

READ B(I) 

NEXT I 

PePK1O00 

P@LGT(P) 

Tizi © T224.215 

> Sis a as (ee) 1a dP 

I=O0 @ J=22 
Ke(I+J)/2 

IF J-I<=!1 THEN 6200 
IF X>Z(K+4) THEN 6190 
Jak # GOTO 6150 

T=k © GOTO 6150 

FOR I=i1 TO 4 

D(I) =8(I+J3-1) 

NEXT I 


zs 





6230 FOR K=1 TO s 
6240 FOR 1=1 TO 4-K 


6250 PB=X- 


ZC to+r=1) 


S62600F 97a ( 14540) —*x 
6270 (PEai/ (Z (1 4+3FE0—Z (1 +3 +hK—1)) 
6280 DCI) =(PSBkD(1+1)+P9x*D(1)) *PS 


6299 NEXT 
6500 NEXT 


I 
K 


6310 IF ABS(D(1)-P)<.0001 THEN 4570 : 
6220 IF D(1)>P THEN 6250 


6550 T1i=x 
6540 GOTO 
6550 T2=xX 
6560 GOTO 
6570 T=Xx 


5150 


6120 


6580 RETURN 


6290 DATA 
4400 DATA 
Vaz? 

6410 DATA 
037557 
6420 DATA 


6420 DATA 
6440 DATA 
oS 

6450 DATA 
892104 
6460 DATA 
927627 
6470 DATA 


Dele lait 
Phe 7a oe ee COG wl. O7Cua/ lo. le /SO05476=, 1.869959261...101 


2. 17601406, 2- 183219975 .@. 86846654 .2.5/792775.. =. 74048325, —. SBSS99S2. 5.04 


ewe —in gg we 


- 


S. 18965645, 5. 54056656 .'5.. 47966198, 5. 55086679. 5. 77966011.5. 92027624.,4.07 


4.125.4.125,.4.125.4.125 
a2-O07920S5.,. 2. 2904182.2. 64118049, 5. 06764295, =. 43487191, 5. 74460242.4.0167 


4. 26906294, 4. 45501104, 4.255807916., 4. 62414591, 4. 76041 582.4. 92571929,5.07 
we ieee 701 lw. oo /06545. 5. ~/ 748565. o- 468/457, 5. S4288524,5.61826745.5.68 


J. 75655645. 5. 82005175.5. 86106882. 5. 88081258 


4999 ' ////7//// THERMODYNAMIC CONSTANT SUBR. //////// 
7000 IF U7=1 THEN 7080 
7O2Q FOR i=21 TO 12 


7050 READ 
7040 NEXT 


G1) 
I 


7050 FOR I21 TO 135 


7060 READ 
7070 NEXT 


ROL? 
I 


7080 IF W920 THEN WS=T(J6) 
7090 IF W921 THEN WS5=T (JS) 
70935 IF W9=2 THEN WS5=T(J7) 
7100 FOR I= TO 1s 

7110 IF WS<G(I) THEN 7145 


7180 NEXT 
7145 L=!l 


I 


Jira Clim Clo—1)=—(Kil=—1)—K(L))/ (G6 (L=-1)-G(L)I£(G(L-1)-wS) ! LINEAR INTERPOL 


7155 U7#1 


7160 RETURN 


7170 DATA 
7180 DATA 
7190 DATA 


ie Viglen tee 1 Oe le One le ole Pee le Gs 1s85.159.1.95.2 


aa 


ewe aes Oe wee Oe SI Veal p41 oe Dl 4s 14 Os Boy od. On, So7. S52, 999.2495 
1039. 44,1155.54, 1215.45 


EP, 





1: 
ee 


41 
? 1 tp 
=0 
60 
70 
80 
90 
100 
pee, 
120 
130 
140 
150 
160 
170 
180 


181 
190 
ToT 
Wie 4 
19% 
194 
iS 
200 
s00 
~10 


sa 
— a 


2 TO 
340 
~30 
260 
270 
~80 
~90 
400 
410 


415 


416 
417 
420 
420 
840 


ESA PPLE LE CLI AIS TIS IITE SILA LAAAAILAUAITASTSPLLIDAA SAIL ETS 


RTET IV EAT UA 


“RERRY''s 


TRANSFERS DATA FROM 


TAPE TO PRINTER ////// 


Cee STP APTI ARITIAILIS LITA ALIATALSAS III TATISO SLATS ST 
GEBARS@ PRINTER IS 7Ol.1c2 


DISP 

DISe 
INEUT ¥ 

IF Y=1 THEN 
FS="C-G RAVI 

PRINT USING 
Pl ak 2 


ROO JEL oe) Clean © BEEP © COTO 


NE" 
JO. 


'TIME”, "TEMP", “PRES” .."M #"."C. 


ENTER 


oy 


"REMOVE PROGRAM TAPE AND INSTALL DATA TAPE" 
"WHEN COMPLETED. 


~O 


2 BEEP 


; 


FREQ" ; "AME" £ 1 yl - "SNR" ‘ "D-AMP" 


IMAGE 4A.5X. 4A. 6X. SA. 4X. TA. BX. 7A. IX. GALL SIX. 1A. 9X. FAL SX. SA. 4X. FAL OX. 108 
TY 1 (arn (eZ), (VRMso  . tmV)™ 
IMAGE 3A. 4X.5A,25X, 4A, 10X. 6A. 


PRINT USING 


PRINT 
BEEP © CLEAR 
INPUT HS 


w Ae, 


© DISP 


ASSIGN# 1 TQ HS 


BEEP Seep TSP 
INPUT Kil 
BEEP © DISP 
INPUT K2 
FOR N=K1 TO 
READ# 1.N 3; 


PRINT USING 


IF N#K2 THEN 192 


NEXT N 

BEEP wv DISP 
INPUT Z 

IF Z=Y THEN 
ASSIGN® 1 T 
END 

DISP “ENTER 
INPUT PS 
DISP “ENTER 
INPLIT Ss 
DISP "ENTER 
INPUT M$ 
DISP "ENTER 
INPUT KS 
DISP "ENTER 
INPUT Z$ 
DISF "ENTER 
INPUT WS 
FOR I=1 TO 
PRINT "xa"; 
NEXT I 
PRINT 
PRINT 
GOTO 40 


rks | 


"LAST 


K2 


eC SEC)* 


> shai 


“eHSs os 


PT # 


PT #" 


"DATA FILE NAME"; 


tinier. i.F.vVOem, s.V1,N,E 


TMaGe oo. 4x%.D.eD,4xX.0550. SX, 2D. 6X, 4D. SD, 6X. D.4DE. 7X, 50. SD, 2X, SDESD. 2D, 2X, 4D. 
D, 4X. 5D. 7X. D. 4DE 


180 


"DO YOU WANT TO LOOK 


: T1.T.P.M.F.VO.Q.S.VI.N.C 
BESS 171 


£00 ELSE GOTO 195 


Al MORE DAaTar Y/N” 


O * 

PREAMP GAIN® © BEEP 

Foo PROM S204" @ BEEP 
RUDE enOM oa204 >"? BEEP 
TRANSMIT/RECEIVE” © BEEP 
RUN NUMBER" © BEEP 

Fis NUNSER® © BEEP 


Po 


“PREAMP=":PS. "FSSs"3Ss, "MULTIP=":MS,KS, "RUN#"3 ZS. "FIGH" SWS 





i 


Lom | 


= 


10 
=16) 
mie) 
40 
45 
2 
65 
ig= 


fog¢7/7/ Oe DAT >: PULLS THERMEM EAL DATA FROM TAPE //////7/// 
er eT TAS ITIILIS AL ISS ISLA LASALL ISIS SAIS PISS LIAL LILI LT 

ASSIGN# 1 TO "DATAILIL" 

Eure t=1 716 8 

READ# 1.1 :; I.F,V,T.R 

PRINT USING 45 : 1,V.T,R 

IMAGE 7D.i1X.10Z2.4D.1X,1D0Z2.5D.2X. SDZ. SD 

NEXT I 

ASSIGN# ! TO *% 

END 


ho 





BOO nt 77/7/77) oF EL IN=- + GUaIEG SFLINE TEMP FROM FRESS 77/7//7/7///7/ 
OCIS SSAA TSS I SESISSSESSILILIISS IFIP IS TIAL IIE LITT TET ITI TSE TSS 
BOOS DIM B(25).,.2(29) .D(4) 
6010 INTEGER I.J.K 
6020 FOR I=1 TO 29 
@0V50 READ Z¢(I) 
6040 NEXT I | 
6050 FOR I21 TO 2S : 
6060 READ BCI) 
6070 NEXT I 
6072 CLEAR © BEEP © DISP "INPUT VALUE OF PRESSURE (mmHg). " 
6074 INPUT P 
6076 CLEAR © DISP "INPUT EXPECTED TEMP" © INPUT TB 
6077 CLEAR 2 DISP 
6078 DISP " PRESS TEMP TEMP" 
6079 DISP " (TABLE) (SPeInNes 
65080 P=Px1000 
6110 P=LGT(P) 
6120 Tisz1 @ T224.215 
6130 X=(T1*T2)/2 
6140 I#0 @ J=22 
6150 K=(I4+J)/2 
6160 IF J-I<=1 THEN 6200 
6170 IF X>Z(K+4) THEN 4190 
6180 Jak @ GOTO 6150 
6190 IT=kK @® GOTO 6150 
6200 FOR I=1 TO 4 
6210 DCI) =B(I+J—1) 
6220 NEXT I 
6250 FOR K=1 TO D> 
6240 FOR I=1 TO 4-K 
6250 PB=X—Z (I +J+K-1) 
6260 P9eZ CI +J+5) ~-X 
6270 PT=Al/ (ZCI 443) -Z (14+ 4+K—1)) 
280 DCT) a (PS8xDd (141) 4¢P92"D(1)) xPs 
6290 NEXT I 
6300 NEXT K 
6510 IF ABS(D(1)-F)<.0001 THEN 46570 
6320 IF D(1)>P THEN 46550 
6550 T1i=x 
6540 GOTO 6150 
6550 T2= 
63460 GOTO 61250 
6570 D(1)#10*D(1) 
6572 DISP USING 6272 : D(1)/1000.T8.X 
6373 (MAGE 2DZ.9D, 3X.1D.4D, 6X.1D.4D.7/ 
6374 DISP @ BEEP © DISP "ENTERING ANOTHER PRESSURE? (Y/N) " 
6376 INPUT BS 
6578 IF BS="Y" THEN 6072 
6=80 IF BS#"N" THEN 63574 
Soo. CLEAR © BEEP & DISP TAB(10)="THAT’S ALL” 
64584 END 
6590 DATA 1,1.1.1 


S2005DATA 1215105429 . 1. 8876575. 1. 4S20T08L.1.59852715.1. 74054982. 1.89959561.5.101 
wec? 


6410 DATA 2. 174014064, 2. 18521995. 2. 288496654. 2.57957755.2. 74046525, =. 86959952.5.04 


ad a @ ae @ we awe —_ oa @ ww @ 
| ~aad nell ~= 
Os et ed 


6420 DATA LF. 189654645, =. 54056654. 5. 47966198. 5. 65056679. 5.77966011.5. 92027624, 4.07 


a2 





6420 DATA 


6440 DATA 
os 

6450 DATA 
895104 
6460 DATA 
S270. 7 
6470 DATA 


$.125.4.125, 4.125.4.125 


=. 079205602. -704162. 2.641 18049.5.06762295,. 5. 43487191.2.74460242,. 4.9167 


4.26906294, 4. 45501104, 4.55807916, 4.62414591,4. 76041582. 4.92571929.5.07 


S.18829011,5.28706855.5.57948565. 5. 46574572. 


S. 75655645, 5S. 82005175, 5.86106885.5. 88081558 


Cn 


we 


ww 


94558524, 5. 61826745.,5.58 








=> 4 mbes oe a 


RAW DATA 


134 





SSSTSTSSSSTES SESS CSSEC SETS SESE ESOS SSCS TOSECESISOCCSSESCISISSTSCOCOCOSOSCCCCSSSOSCCSSSSSISSSOSTOSSESES SSOP SPSS SCOT ISSESTST ECTS LISS S| 
EA/EB 


PREAMP=1000 
TIME TEMP 
(SEC) (K) 
1178 1.847 
1374 = 1.647 
1370 = 11.848 
1766 =: 1.648 
1962 1..649 
2149) 1..649 
2494 1.849 
2688 = 1.649 
2968 «=: 1.449 
3190-1850 
3386 =: 1.650 
3582 =: 11. 650 
S773 1.450 
4{i41.851 
4314 «1.451 
A5l7 Ss. 651 
4713 1.451 
47130 1.451 
3108 =: 1.852 
2451 1.452 
9630: 1..452 
3854 8 =1. 452 
6052 1.8652 
$232 :1..452 
6448 1.452 
7004 = 1.453 
T302,s«1853 
7304 = 1.853 


FSS=L00MV 


PRES 


6.953 
4. 970 
6.985 
6.997 
7.016 
7.017 
7.035 
7.032 
7.032 
7.053 
7.058 
7.044 
7.066 
7.079 
7.079 
7.085 
7.088 
7.092 
7,099 
7.103 
7.106 
7.112 
7.115 
7.118 
7.123 
7.130 
7.130 
7.140 


4 


MULTIP=11 
C. FREQ AMP 
(H2) (VRMS) (9V) 
—MO.5h1 = S.572TE-005 
b15.491 1, 2408-004 
817.549 9, 7484-005 
1020.198 . 1003E-005 
{227.494 4, B319E-005 
1426145 -5.5344£-005 
410.583 5, J6S4E-005 
614.967 1. 2348-004 
614.957 -:1.2673E-004 
817.591 4, 87 43E-005 
1020.23 . 1393E-005 
ngoeed 4. 8375E-005 
1426.188 -3.5416E-005 
410.575 5. 3614E-905 
b14.773 1, 22985 -004 
817.408 4. B4LE~005 
1020.258 4. 1308-005 
{222.553 4. B405E-005 
1426.203 3. 64B2E-005 
410.581 5. 540E-005 
614.752 -9.9822E-005 
817.619 4. B&37E-005 
1020.270 , 1225E-005 
1227,556 4, B410E-005 
1426.215 3. 4530E-005 
410.587 5. 3720E-005 
410.589 5, S71CE-005 
614.755 4, 989SE~005 


447,257 

67.055 
427,337 
314.598 
214. £89 
189.204 
445.411 
124. 968 
133.227 
427.026 
523.198 
216.047 
188.323 
447,244 
260.071 
$24. 482 
925.038 
216.294 
187.411 
446.828 
485.800 
424,922 
WO Geb e) 
214. 437 
195.846 
434.124 
433.850 
492.187 


RUNEL4 


SNR 


1,859.24 
4,294.21 
3,379.97 
2,111.18 
1,672.2 

1,257.85 
1,856.91 
4,273.28 
4,385.94 
1,686. 86 
2,124.47 
1,674.13 
1,260.26 
1,855.52 
4,255.97 
1,683.36 


-AMP 
‘ 


250.0 
250.9 
250.0 
250.0 
250.0 
300.0 
230.0 
125.0 
125.0 
125.0 
250.0 
250.0 
300.0 
230.0 

62.5 
125.0 
290.0 
230.0 
300.0 
250.0 

31.3 
125.0 
250.0 
250.0 
500.0 
250.0 
230.0 

15.4 


$ PT 


2 os o OF @ Ci ta 


FISH 


C-6 RAVINE 


&.0810E-005 
1,8422E-001 
38832-004 
9276E-004 
1.9017£-005 
4. 994 7E-004 
4. 5311E-005 
1,5022E-001 
1, 4070E-001 
2.07256E-005 
9. 127E-005 
7.557 9E-0064 
4. b497E-904 
3. 0516E-005 
7. 9941E-002 
1.2599£-005 
B.B040E-005 
7, 4657E-006 
$.5042E-004 
2. 4242E-005 
6. SS43E-004 
9.7345E-006 
8.4328E-005 
8.1967E-906 
4, 4379-004 
§.1117E-005 
6.9964E-005 
£.5261E-005 


Se 
1, 





SSSSTSTPSTETSOSSSCSSSSISTISTTSS STIS ITISTET ITS T SSIS PSST PSTISSI PISS TOLELIISSIST ISS ESESOIESISSSSTOSIS ETSI SISISI STIS TE SP STEP SSSI ST esis 


PREAMP=100 FSS=1008V MULTIP=210 EB/EA RUNG1 4 FIS#2 
TIME TEMP PRES aa C. FREQ ANP P| SNR D-AMP —s8 PT C-5 RAVINE 
(SEC) (K) (HZ) (VRS) (a¥) : 

482 1.659 = 7.302 1 410.603 1, 0100E-004 458.394 210.62 500.0 34 4, 9158E-004 
102 «61.65% 39 7. 302 ! 410.603 1,0102E-904 438.541 210.65 500.0 3S 4, 9141 E-004 
1307 £.659 = 7.328 2 614.778 1.0187E-004 469. 885 212.42 31.3 36 4. 2782£-003 
WG) 12657 7.526 2 614.778 1,0197E-004 Nileeto see ele.bo ) | oles 3] §. 2685-003 
1921 1.660 7.345 3 817.650 9.3640E-005 431.947 [ya527 200.0 38 9.3867E-005 
2125. «1.660 7.348 4 1020.33 1.0787E-004 316.011 224.95 500.0 39 4. 9940E-004 
2325. 1.660 = 7.358 e 1222. 748 8. 32128-9005 220.554 173.52 500.0 40 8.1458E-006 
2o?—(«1.66] Ss 7 38S .) 1426.083 3. 4822E-005 1925996 72.61 500.0 4} 3.8978E-003 
2869 «1.6610 7.372 1 410.598 4.95652-005 456. 920 103.36 250.0 42 1,86186-904 
307516661 07.379 2 614.769 5. L2éSE-005 507.240 107.11 15.6 43 2. 1820E-003 
3377 16661 7.379 2 614.768 5. 1009E-005 494.331 106.37 15.4 44 2.0143£-003 
woes = «14662 72289 3 817.640 9. 5625E-005 431.475 195.23 250.0 §5 4. 4685E-004 
3781 1.662 7.599 4 1020.310 5. 7315E-005 524.568 119.52 250.0 46 1.1326E-004 
3978 = 1.662 7. 402 5 1222.729 8. S3S51£-005 221.071 173.81 500.0 47 1,2328E-905 
4173 1.662 7, 408 b 1426. 220 56 4679E-005 185.098 72.52 500.0 48 3.1921E-004 


216 





SSSTSSSSTELT STS ITSSSSCSSSESSSSISSSTSITESETEST TTL EST SECTS SCTE SSIS SITET SPSS SOLIS SELES ESETOSCTT EST TESST SELES ESO SISTEE Perel estes 


PREAMP=100 FSS=100MV MULTIP=X10 -- T/EA RUNOL4 PISeS 
TIME TEMP PRES MS C. FREQ AMP 9 SNR D-AMP sf PT C-5 RAVINE 
(SEC) (K) (HZ) (VRMS) (oY) 
372. 1.563 7, 444 1 205.520 1,2048E-004 124.892 Giceas 50:0 49 1,6971E-001 
770 1.6637, 442 2 307,469 1, 2253E-004 110,042 357.92 30.0 50 1.6865E-001 
975146637. 442 3 408.912 1, 0973E-004 474,278 OOo oa mee slau 31 4, 7164-004 
1178 1.663 7. 443 4 310.116 4.74978-005 227.507 130.97 350.9 a2 7.5799E-006 
1380 861.664 7. 449 5 611.279 2.9348E-005 217.228 80.94 59.9 33 5.7766&-006 
1387) 1.664 7452 ) 713.234 1. 45335E-005 189.340 40.08 50.0 of 7.9015E-006 
1785 = 1.664 = 7.455 7 . 814.110 1. 4658E-005 203.525 40.53 30.0 2 9. 87 65E-906 
2191 1.664 7.480 1 205.295 §.0047E~-005 452.021 220.78 25.0 36 4. 8957E-004 
2395 = «1.664 7 $43 2 307.589 2d FE-005 472.23 70.38 8 §=12.5 37 5. 6652E-005 
2597, «4.664 7. 484 3 408.911 1, 0950-004 432.417 SU lata eee 0.0 38 8.9240E-005 
2801 1.664 7.465 4 310.112 4, TS08E-005 v2/n 262 131.02 50.0 39 6. 7855E-006 
3003 «1.664 7448 3 611.276 2.9282E-005 218.637 80.76 50.0 60 4, 340bE-006 
32079 1.664 7.472 ) 713.232 5.7668E-005 198.002 159.04 100.0. 4! $.29142-905 
3404 1.66470 471 7 914.100 5.837 1E~005 302. 547 160.98 100.0 62 Sed tote-00) 


SEISESSECSSSSSSSSSSCSSOSS SISO SISSSTSSCOSI SOS SISSSISSSSSSCI TSSOP ESET ISS STST SSS IS OLE ST ESS SSSESETCSTISESTOLPSTESSSOSESitesterererecely! 


PREAMP=100 FSS=100RV MULT IP=110 T/EB RUNOL4 FIG83 

TIME TEMP PRES i C. FREQ ANP a SNR D-AMP & OPT C-6 RAVINE 
(SEC) (K) (HZ) (YRNS) (a4) 

S7b1 0 1.664 7.474 1 2050292 9. 9645E-005 436.198 274.82 50.0 53 2. 0645E-0C5 
$064 1.6647 474 1 205.292 9. 9640E-005 456.048 274.79 = =—30.0 54 2.9550E-005 
4267 = 1.664 9. 478 2 307.3575 3. 4645E-005 497.076 Ti.00 12.9 &5 6.5169E-005 
4470 1.6657. 479 3 408.204 2.6Z97E-005 431.030 72.52 25.0 b6 7. 783ZE-906 
$672, 1.665 7.. 479 4 310.112 6. s831£-005 026.220 191.55 50.9 67 4.3292£-006 
4977, 1.665 7 483 3 611.575 5. $846E-905 216.959 96.10 50.0 68 2.92208 -004 
3083) 1.665 7. 485 b 713.348 6. 0512E-005 187.141 166.83 100.0 b9 4,8786E-004 
5278 = 1.665 7. 488 7 914.221 So 2ag76-000 299,615 89.74 100.0 70 2.6419E-004 
3B45 16685 72 491 ! 205.290 2. §797&-005 440.449 68.29 25.0 71 7.2761E-906 
6149) 1.665 7 491 ! 205.290 2. §789E-005 460.004 68.36 25.0 72 7.1876E-006 
Bool 156650—Cs7 499 Z 307.372 3.4754E-005 503.714 0.00 12ed 73 2.671 7E-005 
6556 1.665 7.497 3 408.799 =. 1.0596E-004 440.636 292.21 50.0 74 3.2138E-004 
67a «16665 Cs 72 499 4 310.108 6.3763E-005 526.922 191.28 50.0 73 1, 4110E-006 
6959 §=6. 1.665 7. 447 bk) 611.3569 3. 4810-005 216-777 96.00 50.0 76 2. 5558E-004 
7166 = 1.665 7. 49% ) 713.347 6.0480E-005 186.958 166.80 100.0 7 4.4125E-004 
T362.—=i«LwWHHS HIG CCT 914.220 3.2488E-005 299.538 89.60 100.0 78 Z.6949E-004 


oy 





TTTESESTESISTTTAISISESETTTISISISSLERTSTTTTSELELTTTSTSSSESSSSSIASSSTSTISSSSESESSSSSSSSISSSSSSSESSSESSSIES ET RSSSISESSSISISS TESST TTTET 


PREAMP =100 PSS=100MV MULTIP=%10 EB/EA RUNSL4 rloe4 

Tite TEMP FEES A C. FREQ AAP g SNR D-AMP 8 PT C-6 RAVIKE 
(SEC) (K) (HZ) (VRS) (s¥) 

1844 «1.471 2,886 i 225.944 6. 9730E-005 190.979 63.86 500.0 146 4. 3409E-002 
24734447) 2.886 ! 225. 945 6. 0848&-005 181.753 63.99 500.0 147 4,.3405E-002 
2680 81.471 2.896 2 397.614 1, 1540-004 1350126 121.05 500.0 148 4. 4650E-004 
2886 «=—«s«s1« 47k 2.900 3 376. 191 1. 2393E-004 39.305 130.32 7250.0 149 1.7931£-00! 
$095 «C1647 2.0 4 791,859 1.2109£-004 oT Pee | 127.54 250.0 150 4, 4149£-002 
3305. 1.4722. 908 5) ~ 998.613 6. 58952-005 226.724 67.27 «250.0 151 2.5545£-003 
g510—sd472 Ss 22.909 6 1185. 286 5. 7L98E-005 198.548 60.15 1000.0 152 8. §665E-005 
SU17, 1.472 2.984 7 1381.342 3. 07118-9005 223.312 sc,00) 50050 155 5. 7340E-005 
3916 = 1.472, 2.984 8 1576. 916 oe S456E-905 295.107 37.29 1000.0 154 1.7420£-005 
4282, 1.4722. 919 | 1553, 791 5.2322E-005 2.176 Soe0z 5500.0 © 155 5. 7910E-003 
Rote, oket2 20.989 1 1558.86! 5.2026E-005 2.176 ~003 3500.0 156 ~- T910E-003 
4798 £64720 2.922 2 S973 98 5.75/2E-005 339.016 60.54 250.0 ° ! 2. 5868E-004 
coor SCti‘«*dS«S AS 2.98 3 aioe ttl 1, 2331£-004 70.520 129.67 125.0 158 1. 7590&-001 
erp LATS 2.932 ‘ eae 1. 1855E-004 194.538? 124.66 250.0 159 §.9408E-002 
5428 1.473 2.934 5 989.097 6. 6080E-005 232.583 69.49 7250.0 180 4.7952£-004 
S6z4 «10473 2.940 6 1185. 884 5.8519£-005 199.137 61.54 1000.0 ét 7.66382-005 
S85?) 16478 2.985 7 1282. 569 2. 0626E-005 222.414 s2Z.2f 500.0 162 6. 4057£-005 
6038 861.478 = 2.947 8 1377.790 5. 5444E-005 294.717 vlec? 1000.0 183 1.8516&-005 


SSSSSSSLOSCCSSSSSSSSSSSOSESSSSSSSOSSECSSSSIOSSISOSSSLOSSSESSSOCCSSSCOSOSSSCOSOSECSSSSSOS SSIS ISOS LOLSSSESCCOSESOLECECSSLOSSLOSSCOS OS. 
FIGR4 


PREAMP=100 
TIME TEMP 
(SEC) (K) 
1627s ‘3.471 
2037S‘. 471 
2247S «1.470 
2457 «1. 469 
2764 «4. 469 
2976 = «1. 469 
5184 1,469 
3386 =: 488 
3575 «1.468 
3795 1. 448 


FSS=100NV 


+ PRES 


2.998 
2.999 
2.867 
2. 862 
2.962 
2.852 
2.847 
2.843 
2. 942 
2.840 


a 


mwa oO in & tw Ct Ram ee 


MULTIP=310 
C. FREQ AMP 
(H2) (VRMS) (aV) 
212.54! -. 053E-004 
212. 295 -.5302E-004 
297.580 1. L617E-0048 
595.712 1.2426£-004 
595.482 1.27532-004 
791.493 7. 7214E-005 
987.916 6. 6476E-005 
1184.37! 5. 5¢40E-005 
1380.659 3.0825E-005 
1575. 466 3. 5594E-005 


138 


=20.,025 
43.071 
344.826 
72.423 

77.147 
314.226 
235. 701 
{72.161 
223.821 
296. 500 


RUNE14 


at nY a 
si lata 
148.78 
137.14 
163.52 
98.89 
85.13 
71.00 
39.48 
45.58 


D-AKP 


# PT 


C-5 RAVINE 


4. 2126E-001 
3. 9478E-001 
1. 07518-0035 
1,5640E-C0! 
1, 4844£-001 
4. S177E-004 
1. 6505E-004 
9, 6177E-005 
6. O150£-005 
1. 1072E-005 





SSSSSCESOSESISCSSSTIS OS OCTECETESTS SSeS SSIS COSOLeST TOSSES OSESTSTEST ISIS IPOS ST STOPS TSS STC SI RPO LESE Tet tier e tees te teeta tee ete et S| 
~ EASES 


PREAMP=100 FSS2100MV 
TIME TEMP PRES Ma 
(SEC) = (XK) 
1808 1.474 2.997 1 
20is—@ 1.475 2.976 2 
2216 «= «164742958 : 
2822, «1.474 = 2.948 4 
2627 «1.473 2..938 5 
2826 «=: 1.472 2.915 b 
3023 «1.471 39 2.899 7 
3700 = «1.468 = 2. B42 | 
3907 «1.468 = 2.835 2 
4213 1.468 =... 825 2 
4421. «1.467 =. 2.820 3 
4627-10467) 2.819 4 
4331 1.467 =. 2. 821 § 
5037 «1.467 =. 2.823 6 
5232. «1.467 =. 2.825 7 
5906 = «1.469 s«2 BAT 1 
611310469 = 2.852 Z 
6418 1.469 2.852 De 
6624 1.470 2.870 3 
6931 1.470 2.870 ss 
7139 «1.47022. BBS 4 
7450 «1.470 =. 2. 881 4 
7652 «1.47122. B91 5 
B064 1.471 2.891 5 
B271 1.471 3.901 b 
B47 «1.471 2.908 7 
9143 1.472 2.908 1 
9451 -1.472, 2.908 1 
9656 1.472 2.912 2 
9961 1.472 2.912 2 
10173 1.472 2.919 45 
10376 =: 1.472 2.919 4 
10551 12472 22922 5 
10998 = 1.472 2.922 5 


MULTIP=K10 
Co RReg AMP 
(HZ) (VRMS) (aV) 
398. 422 6. 067<E-005 
337 oo) 1, 2370E-004 
792.885 eal 2E~404 
989.720 7.0341E-005 
1187.178 3.0973E-005 
1392. 558 3. 7302E-005 
‘1576.943 4.0115E-005 
397.273 6. 0897E-005 
395. 190 1. 2293E-004 
Siaelrs 1. 2438E-004 
790.949 B.0348E-005 
987.305 7. 032BE-005 
1184.15 J. 1898E-005 
1380.018 3. 7731E-005 
1574.88! 4. 0059E-005 
397.569 6. 1000E-005 
395.081 1, 2295E-00 4 
395. 083 1. 2Sh1E-904 
791.731 7.9090E-005 
i Alr Ry4 7.90 6E-005 
988.58! b. 9696E-005 
988.580 6.981 4E-005 
1184.274 Jeo OLE-005 
1186. 247 3-S710E-005 
1382.031 7. 4BB3E-005 
Vai7el2) 3. 9999E-005 
397.822 6. 0913E-005 
O97 .022 6. 0919E-005 
eh er 4.) 1,2005E-004 
379.725 1.209bE-008 
792.433 T.T971E-005 
989.290 1.1737E-004 
1184.998 9. 92h2E-005 
1186. 992 9. 9521E-005 


038.268 
44,878 
226.171 
229.248 
222.897 
228.597 
203. $78 
340.619 
72. 068 
77.307 
708. 479 
238.870 
aiie315 
POE Be 
294,543 
336. 283 
144.024 
151.782 
299.875 
299.523 
233.717 
234.983 
218.639 
221.328 
230. 499 
297.281 
241.071 
341.140 
LEER | 
339.994 
107.668 
162.714 
218, 426 
218.278 


RUNE14 


SHR 


2,192.74 
4,470.62 
4,413.66 
2,549. 40 
1,119.28 
1,348.12 
1,449.81 
2,200.84 
4,442.68 
4,567.55 
2,903.82 
2,541.68 
1,875.63 
1, 363.60 
1,447.74 
2,204.58 
4, 443.36 
4,539.73 
2,258.37 
2,957. 48 
2,518.87 
2,523.13 
2,013.06 
2,020.42 
2, 706.22 
1,445.59 
2,201.44 
2,201.53 
4,358.81 
4,371.64 
2,817.91 
4,261.85 
3,587. $0 
3,596.74 


D-AMP 


290.0 
290.0 
250.0 
250.0 
500.0 
300.0 
1000.0 
290.0 
125.0 
125.0 
123.0 
250.0 
1000.0 
300.0 
1000.0 
250.0 
62.5 
62.5 
Ta-0 
125.0 
250.0 
290.0 
1000.0 
1000.0 
1000.0 
1000.0 
250.0 
250.0 
Slee 
Sled 
125.0 
900.0 
2000.0 
2000.0 


4 PT 


FI585 


C-§ RAVINE 


. S6B9E-005 
1.3991E-001 
4.6972£-002 
1.0413E-003 
5. b475E-003 
4.S3271E-004 
1.B448E-904 
6. 0304E-905 
1. 7150E-001 
1.59S1E-001 
2.0261E-004 
1.$932E-004 
1,1473E-002 
9.2207E-005 
3. 1b34E-006 
7. 7887E-005 
9.5399E-002 
8. 92335E-002 
9. 5958E-005 
9.2956E-005 
3. b483E-004 
5. 434EE-004 
1.6162E-602 
1. 6098E-002 
1.9229E-008 
4. 7321E-006 
6. 2201E-005 
6.2170E-005 
9.0220E-003 
8.4295E-003 
1. 7590E-004 
4.2B09E-002 
5. 0562E-902 
3.0464E-002 





es. -f, ss 

PREARP= 100 FSS2100av NULTIP2I10 
TIME TEMP PRES af 

(SEED KT 

358 s«1.539 4.507E+000 =I 
733 1.5397 4.306E+000 2 
949 1.537 4.303000 §=3 
1147 1.539 4.304&+000 4 
1345 1.539 4. 302E+000 = § 
1534 1.539 4.203E#000 = 6 


GONE TD MEASURE OUE TO) AMPLITUDE AT 
COULD NOT FIND JdB DOWN PARAMETER 


2090 
2286 
2484 
2685 
2882 
3078 


GONE TO MEASURE DUE TO AMPLITUDE AT 


2422 
3618 
3817 
4019 
4217 
44] 


GONE TO MEASURE DUE TO AMPLITULE AT 


4762, 1.539 4.308E+000 
COULD NOT FIND 3dB OOWN PARAMETER 
3061 = «1.539 4.308E +000 
$260 = «1.539 4.308E +000 
3446 1.539 4, 310€ #000 
5666 1.529 4.3118 +000 
$866 194 31 1E 2000 
1.539 4.312£+000 


6039 


1.539 
1.539 
1.539 
1.539 
1.539 
1.539 


4.302E+000 
4,299 +000 
4.2966 +000 
4,299€+000 
4, 303E+000 
4, 29bE+000 


1.539 
1.539 
1.539 
1.539 
1.539 
1.539 


4, T95E+000 
4.299E+000 
4.5018 +000 
§.301E+000 
4. 305E +000 
4. 30bE+000 


“a 
2 


ao uw 


| 


oo wn = ca 


| 


ao CA »@ tas = 


C. FRE 
(HZ) 


405. 25924 
608. 77315 
807.0678! 

1,007. 65601 

1,208. 48755 

1, 409. 55426 


TIME 1588. 492 


405. 27994 
606.4945 
807.04418 
1,007. 68094 
1.208.51861 
1,409. 73538 


TIME 3130.296 
40S. 25371 
606.65064 
807.08492 

1,007. 78889 

1,208. 63369 

1,409.91306 


TIME 
405.3473] 


405.34724 
606.7758! 
807.2242] 

1,007. 91961 

1,208. 84002 

1,410. 18510 


4467, 397 


[GSES 


-f 
EA /E8 

ANP. Q 
(Was) 

1.2175&-004 247.3145 
1. 2T5STE-004 133. 9092 
7 .6S2BE-005 318.1970 
§.9766E~005 ZiceonG 
2.6054E-005 276.9710 
9. 9363e-WOe 289. 4748 
MODE 1 
8. 2834-005 380.8550 
1.2206E-004 241.1968 
7.4 11E-005 320.6333 
5. 909 8E-005 7e5. 2036 
4, 2292E-005 285.7761 
2. 8513E-005 287.9521 
PODE 1 

8.1939E-005 376.4419 
9.6125E-005 400.7547 
7.6360E-005 320.1370 
5. 7243€-005 287.1383 
4, 2377E-005 284.5039 
2.8245£-005 288.6125 
MODE | 
8. Z304E-005 376.2451 
8. 2315€-005 374.4501 
5.137 9E-005 409.6290 
7. 7056€-005 312.5438 
5. 9293E-005 784. 4070 
4.2310E-005 285. 2952 
2.8105E-005 286.1372 


140 


D-AnP 
ta¥) 


1000 
1000 
1000 
1000 
1000 
1000 


2000 
3500 


¢ PT 


o A wm eee 


BREARese 


C-3 RAVIME 


6. LI87E-002 
6. 7318-002 
1. 1597E-003 
1. 1637€-003 
3.7399E-004 
8. b439E-005 


1, 0421E-003 
5. 25548-002 
5. 9708E-004 
4, 0620E-004 
7.6480€-004 
2.844 76-004 


4,37948-004 
5. 66298 -004 
b. ITS 4-004 
4. S11E-004 
6. 6593E-004 
2.5215E-904 


2. 4342E-004 


2. 43398-0048 
2.5137 -004 
3.37 1b8-004 
3.8715€-004 
4.9F20E-004 
2.56598-004 











GONE TO MEASURE DUE TO AMPLITUDE AT TIME 6113.254 MODE 6 SE/ fA 
COULD NOT FINO 348 DOWN PARAMETER 
$620 1.539 4.309E+000 1 405.40063 6. 2691E-005 388. 3066 407, £00 26 2.2162£-003 
COULD NOT FIND 348 DOWN PARAMETER y di 
4925. «1.539 4.309E+000 1 405.4007$  . 2752E-005 389.5023, 860 S00, 2. 2112£-003 
7130 «1.537 4.263E+000 2 606.1222 4, SO13E~00S $33. $483; 293 125 2 4. SSS3E-004 
7333 -1.536 4.235E+000 3 §06.79715 6.49372-005 314.1135} 422 1000 29 5.6455E-004 
7535 -1.834 $.203€+000 4 1.006.91675 5. 10b6E-005 265.5433 | 32.0500 30 1. 0330E-003 
7741 «= «1.533 4 172E#000 |S 1,207.44429 6. 5027E-005 276.7008 | ° 423 ©2000 31 1. 0144-003 
7938 =: 1.532 4.1S0E+000 6 1,407.84448 3.7978E-005 294.4354 247-3800 32 2.3195E-003 
: aia 
Time 89 TR PRAM ee oe. od New CR SMR olf. = Cod, 
GONE TD MEASURE DUE TO AMPLITUDE AT TIME 9908.872 ANODE 5 ot ela : 
10203 1.533 41798000 1 404.96053 6. 3842E-005 354.0217 ‘1S $00 3 1. 2088E=003 
10405 1.533 4. 177E*000 2 606.28487 4. 6350E-005 422. 4375 31.125 u 9. S784E-004 
10611 «1.532 4. 148E4000 «3 §06.11048 6. 4286E-005 213.9499 , 418 1000 Lt] 3.7772E-004 
10817 «L531 4. 131E+000 4 1,006.27962 §.2326€-005 263.9542, 340500 36 9. 1603E-004 
11018 «1.531 4.127E+000 5 1,206.94399 6. SOSTE-005 271.4878 \ 4732000 7 2.0094E~003 
11212, 1.531 4.125E+000 6 1,407.65800 3. 7616£-005 284.7027 °, 244 = 3500 18 1.3920€-003 
GONE TO MEASURE DUE TO AMPLITUDE AT TIME 11360.704 KODE 1 
11655 1.531 4.129€+000 1 494.78207 3. 64S BE-005 384.0625 , 737280 39 3. 2961E-004 
11855 1.531 4.130800 2 605.90718 4, SS83E-005 422.2190 296 = 125 40 4, S442E~004 
12060 «1.531 4.1T3E+000 3 §05.98866 6. 4911£-005 304. 6058 422 1000 4} 2. 2427E~003 
12265 1.531 4.1326+000 4 1,006.22658 £.2342E~005 256.9240 uo. 42 4.7634E-004 
12466 L531 4.137E4000 «5- = 1,.207.12201 = SBP1E-005 269. 1062 475 2000 43 1. 0031E-003 
12657 1.532 4 139E4000 bg 1,407.88873 3. 7832E-005 285.6657 246 3500 44 1.9187E-003 


141 


- 





PREAMP? 100 FSS2i00ev AULTIP=110 


TIME 
(SEC) 


142 
1628 
1329 
2034 
2737 
2432 


GONE TO MEASURE DUE TO AMPLITUDE AT TIME 2489.553 


TEMP 
(XK) 


1.533 
1.532 
1.532 
1.532 
1.532 
1.532 


PRES 


4,165 +000 
4.156£+000 
4,145€4000 
4, 1458+000 
4.144€+000 
4, 145£+000 


eo Ut @ Ha = 


C. FREQ 
(HZ) 


202. 47173 
393.06088 
4035. 11845 
503.2446! 
603.1868 
704.06380 


2785 =: 1.532 4, 148E2000 =I 202. 47544 
COULD NOT FIND 3dB SOWN PARAMETER 
3088) =—s«14532  4.148E4000 1 202. 47545 
3268 = 1.532 4. 1S1E+000 = 2 303. 07832 
94 1.532 4.148&+000 3 403. 13020 
3899 1.532 4.149&+000 4 505.50842 
3902, 1.532 4. 15164000 = 5 603.8570? 
4100 1.532 4.150&+000 4 704,11589 
“Ts! 5935 “Kh 
BONE TO MEASURE DUE TO AMPLITUDE AT TIME 41£5.473 
4452 L.5o2 4.147E+000) I 202. 46912 
Error detected, aode 2 ERRL = 1980 ERRN = 55 
4942 1.552 4, 147E+000 1 202. 46912 
50463 1.532 4,1448+000 892 343.07603 
5246 1.532 4. 144€&+000 3 403. 22495 
5469 s_s«1.532 4. 144840004 503. 43100 
3476 1.552 4. t47&+000 = 5 603.89437 
5874 1.532 4.151£*000 4 704.27995 
SOME TO MEASURE DUE TO AMPLITUDE AT TIME [975.657 
6271 1.532 4. 1S7&+000 1 202. 49185 
6476 =: 1.532 4,156E4000 = 2 303.1173 
6680 »=s_« 1.32 4. 1S4E+000 = 3 403.27262 
68687 1.532 4.153E+000 4 503. 47985 
7090 1.532 4. 1S3E+000 6 § 603. 97813 
7289 «=«: 1.532 4. 1S0E+000—b 704.40098 


ARP. 
(Vras) 


7. 0650E-005 
1.0504€-004 
3.2022£-005 
3.9907E-005 
4.§723€-005 
5. 48442005 


AGTE 2 
7, 0824E-005 


7. 0806E-005 
2. b279£-005 
3. 1983E-005 
2. 9S40E-005 
4. 8737E-005 
5. 4801E-005 


Be) 


MODE 6 
9. 703 1E-005 


9, SISIE-005 
7, 2542E-005 
5. 62 538-005 
3.S297E-005 
2. 5334-005 
1. S936E~005 


RODE 1 
9.75 148-005 
7. SS3bE-005 
5.6426E-005 
3.36 9E-005 
2. 3340€-005 
1.5924€-005 


386.2587 
429.7115 
220. 4392 
270.5780 
272.5283 
297.2491 


288. 3903 


388.0710 
418.0591 
309.5326 
250.8825 
272. 7888 
294.8096 


387.6695 


388.8544 
421, 043 
296.5188 
254. 4382 
267.7471 
289.2337 


393, 1862 
421.5481 
297.6535 
257.0193 


267.8227 . 
291.9000 


—= 


142 


ese GUF & 


C-§ RAVINE 


1. 5649E-004 
5005708 -004 
2. 9545-004 
6. 4248E-003 
5. 0342E-005 
5.55642-003 


3.c515E-004 


3.34658 -004 
2.9156E-004 
1, 0576E-004 
1. 1607E-003 
b.1796€-005 
2. 4275E-003 


7. 0727E=004 


6. 9BSSE-004 
2. 9594E-004 
1.S171E-003 
8.67 69€-005 
4,0175E-005 
1. 7446E-005 


5. 1500E-004 
3. 9340E-004 
1.£544E-003 
3.7238E-005 
3.0247E-005 
7.7820€-006 






PREAMP= 100 FSS210Gey AULTIP2110 ehlee [= 
TIME TEA PRES iO C. FREQ AMP. Q 
(S60) (Kk) (H2) (Vras) 
1668 1.777 2.042E4001 1 360.89830 1. 2112E-004 422.7043 
1872 1.777 2.041E+001 2 $40.45590 6. 6918E-005 546.1371 
2075 «1.777 2.041E+001 3 718.28438 1. 0440-004 476. 6407 
2281 «=« A777 -2,082E+001 4 894.83800 6. 6851£-005 252.3526 
2486 «1.777 2.043E+001 = S 1,076. 38295 3. 9045E-005 293.2991 
268! L.777 2.043E+001 6 1,254.92225 3. 4875E-005 343.7131 
Error detected, aode 1 ERRL = 1980 ERAN = 55 
3246 «1.776 =2.046E4001 1 340.67858 6. 77 34E-005 765.7112 
3451 1.776 «2.047E4001 = 2 $39.83214 6. 5029-005 529.9947 
3856 «s1.776 2,047E+001 3 717.38728 5.944 7E-005 $13.8104 
3262 «1.776 «-2,048E+001 4 895. 78256  b.b711E-005 245. 4899 
4064 1.776 2.049F4001 5 1,075.07730 3. 9348&-005 294.5554 
$263 1.776 2.050E+001 6 1,253.46822 3. 4869E-005 389.3887 
COULD NOT FIND 3d8 DOWN PARAMETER 
4927. «1.776 2.0528+001 1 350.23599 6. 74B6E-005 754.9505 
COULD NOT FIND 3dB DOWN PARAMETER 
S134 1.776 2.052E*001 1 * 360.28705 6. 7SSSE-005 757.4384 
Sol «1.775 2.053E+001 «2 S3.IS315 6. ASALE-005 $23. 3348 
9548 1.775 2.054E+001 3 * 716.51035 6. 0024E-005 $21. 8238 
5754 «1.775 2.054E+001 8 894.69600 6.6748E-005 242.6665 
S959 «1.775 2.055E+XO1 §$ » 1,073.82880  3.9722E-005 294.8095 
6158 «1.775 2.0SSE*001 6 1,252.04177 3. 494 1E-005 358.3107 
6509 «1.775 2.050E*001 =I 359.9680 6. 7244E-005 784. 9375 
6713 «1.775 2.0S7E9001 = 2 533.76764 6. 4055E-005 $30. 4263 
EGC/AE* he 
= (49 5" ic 
¥ 
6920 1.775 2.057E+O01 3 715.99789 6. 03S3E-005 $22. 2449 
7123s. 774 -2.058E+001 4 894.10242 4.0792E-005 282.0081 
T3227 778 2. 058E4001 = 5 LO7Z.11317  5..0729E-005 266. 1861 
7528 «1.774 2.059E+001 fb 1,251.21594 4. 1617E-005 332. 1528 
7881 «1.774 2.060800 1 °° «= «-S9.71076 «5. SI79E-005 767.2260 
BOBH «=-:1.774  2.00084001 2 * S38.40319 — 5..6899E-C05 527. 4846 
8292 «1.774 2.061E+001 3 715.50319 5. 7593E-005 $45. 1621 
84991774 2,061E+001 4: 893.42434 —§. 9592E-005 220.5541 
8707 «1.774 2.062E001 §- 1,072.38714  5,0981E-005 265. 1808 
8904 1.778 2.062E+001 6 «= $, 250.25289 4. 2070-005 354. 4867 
9260 1.774 2.0638001 1 359.4774) $, AS7BE-005 783.6972 
9467 «1.774 2.063E+001 2 $38.06841 5.4073E-005 $14. 7377 
9670 1.773 2.064E+001 3 715.05769 5. 7870€-005 $44. 4851 
9875 1.773 2.085E+001 § 892.84067 5. 98SBE-005 223.1621 
10076 «1.773 -2.065E+001 5 1,071.73192  $.1227E-005 264.2014 
10272 1.773. 2.068E4001 6 t,249.59283 4. 19S4E-005 351.204! 


se 


4 PT 


ES 


C~S RAVINE 


9. B873E-003 
1. 7490E-002 
1. TISZE-003 
1. 3144-002 
3. b082E-004 
1.2958&-003 


2. 7B18E-004 
£.1224E-003 
8. 4790E-005 
6. 05 20E-003 
3, 49 4E-004 
1. 4347E-003 


5. 2b35E-004 


5. 1981E-004 
5. 2656€-003 
1. 3995E-004 
6. 777E-003 
3. 1840E-004 
1.567ZE-003 


- SI19E-003 
5.7108E-003 - 


1. 2293E-004 
8. 2292E-902 
4.5064E-004 
7. 0670£-003 


1. 5943E-003 
4. AS94E-003 
7. 1486E-005 
5. 9354E-003 
5.S72BE~004 
1.6248E-002 


4. O7S1E-004 
4, S694E-003 
3. 1696E-004 
§.0660€-03 
6. O749E-004 
1.7715E-002 











- 2 a 
T= He 3 iz = ? Pi 
og - 

PREAMPs 100 FSSsi00ey MULTIP=I10 

TIME TEMP PRES nf C. FREQ AMP, Q 
(SEC) (XK) (HZ) (¥ras) 

1223 1.788 1.275&+001 1 400.27203 6. 4345-005 635. 9986 
1434 1.788 1.276£+001 2° 599. 11583 1. 1799E-004 525.6730 
1647 1.788 1.276£4001 3°. 798.31935 = 5. FI C9E-005 382.7345 
1858 1.788 1.27789001 4 “ 994.49679 9. 3185E-00S ick yt bs! 
2058 1.788 {.278€*001 3 1,194.19908 3. 4312E-005 257.7108 
COULD NOT FIND 3d8 DOWN PARAMETER 

2620 1.788 1.280E+001 1 400.10539 6. 3768E-005 634, 0055 
2828 1.788 1.281E+001 27 599.85966 6. 4348-005 540. 7903 
3039 1.787 1.281£+001 J° 796.02283  5.9868E-005 341. 8053 
3752 1.789 1.282£+001 4 994.13663 9. 2515F-005 750.2845 
MD 1.787 1.28284001 5. A,193.78856 = 5. 41158-0035 246.6109 

Tale jk a E uN 

PREAMP] 100 FSS10Gev AULTIP2I10 
TIME TEMP PRES n4 C. FREQ ANP, Q 
(SEC) CJ (HZ) (Vras) 

1314 = 1.789 =1.286E+001 81 199.94982 6.8578E-005 633. 0589 
1523 1.789 1.287E+001 2 299.24978 - 9. B033E-005 556. 0446 
1733 1.789 1.237E+001 3 397.8324 = 5. OOB4E-008 332. 9991 
1948 1.789 1.288E+001 4 496.90643 9. 6014E-005 755. 0396 
2144 1.789 1.288£+001 § 596. 22575 1. 183SE-004 173. 7125 

—_ = 
qe 7/28 


COULD NOT FIND 348 DOWN PARAMETER 
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Coons 1S 
SAR AMP § PT 
(a) 

Boe 
87 350 133 
139 250 194 
80 350 185 
12b 700 184 
73 =—-:1400 187 
86 330 188 
87 175 189 
79 330 1% 
125 700 191 
73 «1400 192 
SWR D-ARP ¢ PT 
{a¥) 
6 ys) 133 
q 3 194 
4 Fe 175 
q 5 19 
lt 100 197 


C-& RAVINE 


3.307E-003 
1. 5831E~002 
1. 9467E-903 
1, 4860€-002 
8. 4315-003 


1, 4629E-003 
1. I9L1E-003 
1, 1063E-003 
1. S586E-002 
8.2602E-003 


C-5 RAVINE 


1.0078E-003 
4. 9395E-004 
3. 663E-005 
5.S341E-005 
5.6798E-002 


a UTA" Or 





APPENDIX D 
REDUCED DATA 
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E/E 


E/E 
T/EA 


ow. & i &— 


T/EA 


T/EA 


T/EA 


_— — 


— oie 


= 


82015 5) : 
TJEA ( 17f «TO 174) T/EB ( 215 10 298) 
T r F r 
avg avg 
(XK! (X) (Kz) (Hz) 


1.4543 0042 987.437 = £688 
1, 4540 20039) = 1184.183 2.1 
1.455 200Sf = £390.018 = 1.728 
1.453 0027) 1574.573 1.787 


8? TO 93) 
183 10 187 1 TER ( 22 19 22h) 


1. 4528 0029 790.835 612 
1.4539 0042 987.468 1.189 
1.454 0043 = 1184.567 = 1.004 
1.4543 0045 = :1380.522 £505 
1.4546 0048 = 1575.323 1.840 


98 10 98) 
162 TO 1821 TER ( 221 10 223) 


1.4539 0027 1.735 Cle 


100 10 101) 
104-79 185: 0 |60VEB (C223 TO 224) 


1.4553 00037) - 987.893) 1.215 
1.4557 0037 -1484.920 1.378 


102 TO 104) 
185 70 1:87) T/EB ( 286 TO 288) 


1, 4552 0043 §=1184.875 1.709 
1.4557 00044 1380.948 = £..922 
1. 4540 0047) -1575.780 2.182 


106 TO 107) 
201 10 2021 «© T/EB 1220 TO 22h) 


1.4525 0032 397.021 967 
1.4522 0034 594.437 920 


108 10 10%! 
203 TD 204) 8 T/EB ( 213 TO 284) 


1.4518 0039 394.325 . 987 
1.451? 004 790.532 1.530 


RUN $ 


14 


DATA REDUCTICN 


941 
2.193 
1,583 
1.514 
3.847 


1.680 


2.188 
1.519 


1.524 
1.338 
5.844 


2.290 
409 


2 412 
962 


» 138 
2.150 
1.592 
1. 46 
7.308 


1.038 


2.150 
1.592 


1.509 
1. 468 
7.343 


2.039 
378 


STu/Str 


1 


184 68. 


Ua - ub S(A) $(8t 
{uk} (V/K) (V/K1 
42.55 1b 

066 46.89 mee) 
~.038 25.09 29.28 
~.226 18.70 16.54 
004 7.94 71.27 
~.ob2 40.01 47.5! 
022 412.44 12.91 
=. 500 ay 30.33 
- 100 18.87 14.59 
-.193 28.03 128.73 
~.282 49, 4) 68.28 
022 44,i) 15.45 
-.012 43.97 13.38 
-. 554 aera 30. 0b 
090 18.88 16.08 
026 49.04 24.06 
-. 065 204.68 132.37 
-. 010 203. 52 131.46 
-.003 &7.63 70.19 
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1.015 
1.f28 
1.198 


1.2% 


17 


992 
1.048 


1,054 
1.097 
1.25! 


. 891 
718 


920 
973 


Yes 
YES 
TES 
Yes 


a & 


YES 


Yes 


NO 
0 





E/E 


PODE 


os ao tA 


~~ oO tA 


(151 10 
T/EA ( 205 TO 208 } 


~”- 


T 
avg 
(x) 


1.4517 
1.4518 
1, 4520 
1.4520 


160 10 
205 10 


1.4527 
1.4530 
1.4532 
1.4531 


14f 70 
183 10 


1.4525 
1.4545 
1.4546 
1, 4548 


134 } 


c F 
avg 
(K) (Hz) 


0038 996.551 
0037 =: 1183.02 
00038 = 1379. 204 
.0038 =9—«1572.783 


208) = T/EB ( 223: «TO 226) 


0044 984.877 
0045 1183. 444 
0046 = 1379..692 
0047 =: 1574. 388 


144) 


186) T/E3 ¢ 222 TO 


0026 791.017 
0038 987.672 
0040 =: 1184.286 
-0042 =: 1380. 736 


e 


T/EB (215 TO 218) 


fr 


(Hz) 


1,445 
1.455 
1.889 
2.251 


1.607 
1.847 
2.120 


4 
ieoe 


Po 


694 
1.126 
990 
1.463 


RUN § 14 
DATA REDUCTION 


938 
2-150 
1.592 
1.466 
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Ua - Ud 


({uK) 


038 
026 
020 
« 017 


040 
034 
021 
018 


S{A) 
{V/X) 


42.47 
49.79 
24.63 
18.32 


é 


42.21 
49.39 
24.84 
13. 44 


$7.09 
40.05 
46. 79 
23.67 


S(B) 


(V/K) 


66.59 
14.36 
27.23 
16.01 


65.85 
14.57 
27.2 

16. 04 


70.37 
67.59 
14.26 
27.91 


STu/SIr 


1,081 
1,174 
1.141 
1.217 


| 


YES 
YES 
YES 
Yes 


YES 


Yes 


x0 
x0 
YES 
YES 





EyE (37 70 411 
WEA (57 TO 61) 


NODE 


“or Am 


wm Om 44 


T 
avg 
(K) 


1.6633 
1.6626 
1.436 
1.6857 
1.4639 


4 70 
S710 


1.4641 
1.6443 
1.6644 
1.6644 
1.6646 


16 10 


48) 
61) 


Si 12 34) 


1.6606 
1.6607 
1.6407 
1. 6609 


10 10 


Sl 10 34 


1.6800 
1.6601 
1.4403 
1.6603 


20 «10 
36 (0 


1.6609 
1.4611 
1.4411 
1.6612 
1.6612 
1.6614 


3) 
él ) 


T/EB (65 TO 694 


r 
(X) 


0023 
0020 
0019 
0019 
0018 


T/€8 


0017 
0015 
0018 
0013 
012 


T/EB 
0059 
-%40 
9059 
0058 


0058 
0057 


F 
avg 
(Hz) 


614.755 
817.627 
1020. 260 
1222. 684 
1426. 408 


C75 10 


614.731 
817.420 
1020. 250 
1222. 673 
1826. 459 


{74 10 


817.610 
1020. 235 
1222.17 
1426. 455 


(66 10 


817.408 
1020. 232 
1222.615 
1424. 451 


{72 10 


410.584 
614.745 
817.813 
1020. 237 
1222. 619 
1826. 457 


013 
017 
043 


69 ) 


RUN 0 


1§ 


DATA REDUCTION 


243 
2.438 
1.402 

778 
2.038 


2.452 
1.39% 
725 
31? 


1,404 
elas 
2.448 
95 
Jee 
2.052 


odat 
2.533 
1.531 
845 
2.504 


2.561 
1.532 
847 
629 
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Ua - Yb 


~.014 
-.040 
008 
002 
020 


-.023 
O11 
006 
011 


SUA) 


(VK) 


142.25 
61.06 
43.11 


2 
Sivas 


W735 


60.72 
44.17 
34.20 
8.17 


60.78 
4.10 
34.13 
37.97 


77.59 
136.68 
60.70 
46.23 
34.19 
28.18 


S(8) 


(V/K) 


196.04 
59. 43 
63.41 
1.84 
40.18 


196.74 
39.82 
64.62 
1.9% 
40.98 


39.48 
64.84 
85.21 
40.20 


597.03 
64.81 
65.20 
40.11 


24.31 
138.82 
59.58 
64.91 
65.55 
40.58 


STu/Str 


975 
1,033 
1.071 
1,090 
1.209 


981 
1.047 
1.072 
1.091 
1.231 


1.044 
1,097 
1.152 
1.218 


1.035 
1.096 
1.152 
1.213 


1 


wO 

YES 
yes 
YES 
YES 


Ao 


YES 





RUN #14 
GATA REDUCTION 


EVE (20 10 23) : 
TEA (56 TO 61) TER ( 64 TO 69) 


T r F r Str Ty Ua - Ub S(A) 5(3) STu/Sir | 
avg avg avq 
MODE (K) (xX) (Hz) (Kz) (uk) (ak) (uk) (¥/X) (V/K) 
2 1.6407 . 0055 410.585 003 1.408 1.331 -.010 77.16 24.38 745 nO 
5 1.6608 0058 614,747 005 ay en8 pact -.012 136.89 128.52 928 nO 
4 - 1.6609 0057 817.618 005 2.438 2.927 012 60.95 59.33 1.037 E 
5 1.4810 -0057 1020. 240 022 1.395 1.520 008 48.20 64,96 1.097 YES 
6 1.6611 00057 = 1222.23 090 734 885 0090 ‘34.16 65.28 1.153 YES 
7 1.6612 0058 1426.458 0197 2.052 2.507 915 23.13 40.59 mee Yes 
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ee ee a ee ee ee ee 


G/E (13 TO 18) 
THEA ( 45 10 $0) 
nf r 
a 
nODE (x) (X) 
Tere. Siok 0034 
¥ 1.5324 0034 
eS 23 0038 
5 tedocs 0039 
é 1.5324 . 0039 
7? =: 1, S325 .0038 
E/E (20 10 25) 
T/EA (52 10 57) 
Z leo? 0038 
Siete So27 0037 
4 eras 0038 
5 1.5927 .0038 
& 1.5228 .0038 
? 1.5227 0039 
E/E (27 TO 32) 
THEA ( #8 10 SO} 
2 1.5828 0036 
3 1.5318 .0027 
4 = 1, 5312 0022 
S$ 1.5306° 0088 
b 1.5302 . 0007 
? 1.5299 .0001 
Efe (33 10 3B) 
TEA (52 70 57) 9 TER 
2 1.5305 0007 
3-1. S208 .0006 
4 1.5299 . 0002 
S 1.8297 . 0005 
é 1.5296 5 .0006 
? 1.5295 0008 
E/E (39 TO 44} 
THEA ( 45 10 50) TAB 
2 1.5298 . 0008 
3 1.52% . 0005 
4 1.5294 . 0003 
§$ 1.5294 . 9003 
é 
a 


1.5296 0002 
1, 3297 0093 


g 
avg 
(Hz) 


405.048 
664.308 
B04. 591 
1007.033 
1208. 020 
1408.947 


(65 10 


405.094 
604. 336 


.1007.145 


1208. 170 
1409, 083 


(59 10 


» 403.094 


404. 295 
804. 495 
1006. 756 
1207. 623 
1408.177 


(45 10 


404,965 
604. 222 
804.305 
1004. 619 
1207. 538 
1408. 239 


(5? 10 


404,888 
606.040 
804. 225 
1004. 559 
1207.516 
1408.19? 


T/EB (59 TO 64) 


r 
(Hz) 


152 
0242 
«580 
2528 
«438 
761 


70} 


44 } 


RUN #15 
DATA REDUCTION 


- 


Str STu 

avg 

{uX) {uk} 
1.599 1.748 
1.142 1.282 
aeke 708 
510 . 480 
1.54? 1.645 
4.4% 6.115 
1.401 1.784 
Aa ouad 
544 2673 
150? 464 
1.547 1.644 
4,477 6.117 
1.780 1.748 
1172 1.282 
wate 705 
00 . 480 
1.208 1.445 
3.788 6.115 
1.704 1.784 
289 ova 
378 2493 
0356 « $64 
1.201 1.644 
3.747 6.117 
1.664 1.768 
1,167 1.282 
2087 2705 
owed . 480 
1.191 1.445 
3.742 6.115 


io 


Ua - Ub 


(uk) 


+017 
-. 005 
053 
030 
020 
olt4 


-.020 
-. 002 
028 
-. 01! 
031 
0a! 


-.020 
-.002 
028 
-.011 
031 
- Oo! 


3{A) 
(rk) 


39.63 
124.10 
78.19 
105.56 
+ $1.90 
16.48 


59.70 
125.97 
79.37 
105.20 
41.97 
16.52 


53.55 
120.28 
75.41 
149,40 
54.42 
19.54 


54.06 
122.80 
74.63 
150. 0 
34.77 
19.74 


37.29 
121.50 
7.2 
153.04 
soo 19 
19.78 


5(3) 
(V/K} 


2.12 
22,44 
8.87 
5. 4? 
5.18 
4.94 


21.23 
22099 
9.05 
5.74 
5.19 
4.95 


19.94 
22.24 
g.51 
2.18 
6.77 
5.92 


20.31 
21.97 
8.45 
8.25 
b. 82 
5.93 


5Tu/STr 


1.106 
1.123 
1.276 

941 
1.048 
1.262 


1.115 
1.147 
1.275 

915 
1.049 
1.384 


993 
1.088 
1.234 
1.332 
1.342 
1.14 


1.047 
1.109 
1.199 
1.205 
1.369 
1.832 


1.043 
1.099 
1.244 
1.345 
1.381 
1.434 


1 





t/t 


ACDE 


— o& CA 1 


~~ 2 th = GH 


£7E 
T/EA 


(77 10 82) 
T/EA { 167 TO 172) 
T r 
avg 
{K) {K) 
1. 9585 - 0040 
1.9535 0059 
1.9585 0059 
1. 9584 . 0038 
1.9537 0058 
1.9587 0057 
{a4 0 89) 
{167 10 172) 
1. 7288 0054 
1.9588 0085 
1.9589 0054 
1. 9589 0084 
1.9590 0054 
1. 9590 0053 
{98 10 101) 
{167 0 172) 
i. 9892 0050 
1.9592 0049 
1.9593 0049 
1.9893 « 0048 
1.9593 0049 
1.9594 0048 
{102 TO 107) 
{167 10 172) 
1.9594 0047 
1.9594 0047 
1.9594 0047 
1.959% 0046 
1.9595 0046 
1. 9595 0046 
{78 73 82) 
{177 10 181) 
1. 958$ 0059 
1.958 0059 
1.9586 0059 
1.9587 6058 
1.9587 0058 


a Om tH 


T/EB {159 TO 164) 


H 
avg 
(Hz) 


337.531 
334.768 
710.752 
887.750 
1065.546 
1241. 989 


T/EB ( 159 10 


357.200 
334.541 
710. 480 
687.788 
1064. 930 
1241.515 


357.008 
534.291 
710.124 
886.964 
1064. 449 
1240. 953 


T/EB ( 139 10 


354. 930 
534.180 
709.979 
§86.770 
1064. 231 
1240. 497 


534. 586 
710.902 
887.938 
1045. 585 
1242. 281 


T/EB (159 TO 164) 


1.921 
2.919 
5.818 
4.591 
5-452 
6.466 


164 ) 


$811 
2.762 
5.409 
4.217 
5.524 
6.504 


TER (152 TO 158) 


3.532 
4.427 
5.604 
6.789 
7.980 


RUN @ 15 
DATA REDUCTION 


1.184 
oz 
«396 
495 
513 

2.104 


2241 
osde 
596 
. 478 
476 

1.826 


1.244 
esol 
0594 
480 
ATS 

1.819 


4b 
598 
499 
596 
2.114 


1.101 
540 
406 
208 
515 

2.446 


1.191 
540 
» 406 
008 
513 

2.44 


1.101 
54 
406 
308 
Be 

2.444 


545 
409 
510 
512 
2.428 


ou 


Ua - Ub 


(ux) 


~. 041 
O19 
«006 
001 

-.002 

eueal 


-. 041 
O19 
906 
001 

-.002 

~.sol 


~.041 
019 
006 
. 001 
-.002 
“soul 


S{A} 
(¥/K) 


58.73 
159.53 
218.15 
168.44 
104.30 

40.55 


58.94 
158.78 
217.78 
169.66 
106.85 

40.70 


5650 
135.17 
217.99 
175.66 
133.05 

44.89 


55.16 
156.50 
218.76 - 
173.12 
133.44 
47.06 


136.76 
218.19 
168.46 
106.43 

40.47 


$(B) 


(¥/K) 


43.92 
11.79 
16.22 
24.48 
9.61 
9.15 


46.07 
11.80 
16.19 
24.85 
9.66 
9.18 


43.24 
11.54 
16.20 
25.73 
12.03 
10.58 


43.13 
$1.62 
16.26 
25.45 
12.07 
10.62 


11.92 
14.21 
24.47 
9.60 
9.17 


Stu/Str 


9S 
994 
1.027 
1.020 
G1 
1.158 


946 
99 
1.025 
1.027 
«845 
1.165 


888 
Pa 
1.026 
1.063 
1.077 
1.540 


885 
980 
1.050 
1.060 
1.080 
1.544 


1.000 
1.027 
1.023 

840 
1.149 


1 





E/E (13 TO 18) 
THEA ( S52 70 57) 
T : r 
avg 
AODE (Kl (K) 
2 (22325 0035 
“ 1.5324 002 
4 1.5326 0038 
5 1.5326 0036 
b ara 0037 
7 1.5324 0037 
€/E (277 10 32) 
TEA (S52 10 $7) 8 T/EB 
2 {.Sse5 003? 
3 1.5318 0028 
4 1.5313 . 0022 
5 1.5307 0014 
b 1.5303 0006 
7 1.5299 0000 
E/E (33 10 38) 
THEA ( 85 10 50) T/EB 
2 1.5308 0004 
3 1.5304 . 0008 
4 1.5299 0002 
5 1.52%  ~ .0005 
b 1.5295 0006 
7 1.5294 . 0006 
E/E (39 TR 44) 
TEA ($2 10 57) TV/EB 
2 1.5295 . 0008 
3 1.5295 0004 
4 1.5295 0003 
§ 1.529% . 0004 
é 1.5297 4003 
7 1.5298 0003 


T/EB ( 65 12 70) 


F 
avg 
(Hz) 


405.064 
605.344 
806.430 
1007, 108 
1208.10! 
1408. 782 


i510 


4053. 097 
604.207 
804.502 
1004. 799 
1207.49 
1408.212 


(45 10 


404.763 
604.210 
805.298 
1004.57 
1207.513 
1408.19 


3? 10 


404.390 
606.072 
806.233 
1006.602 
1207.542 
1408. 227 


64 


b4 


RUN #15 
DATA REDUCTION 


1.782 


5 
ee 


S71 

259 
1.208 
3.787 


1.446 
0292 
987 
«500 

1.191 

3.740 


1.775 
eval 
b9 
. 462 

1.645 

4.088 


1.777 
1.291 
706 
» 482 
1.644 
bo 144 


i776 
eval 
b93 
442 
1.645 
6.088 


15.2 


Ua - Ub 
(ux) 


-.020 
-.002 
. 028 
=,0tt 
031 
041 


-.003 
-.003 
027 
~.007 
027 
0118 


~.034 
-.003 
054 
024 
032 
16 


-.003 
-.003 
029 
-.007 
029 
118 


S(A). 


(¥/X) 


57.52 
124.01 
78.01 
104.94 
41,90 
16.48 


53.41 
120017 
75.58 
148.71 
54.43 
19.53 


5b. 00 
122.89 
74.87 
159. 75 
54.76 
19.75 


37.36 
$21.41 
70.17 
152.53 
53.20 
19.77 


5(B) 


(¥/K) 


21.17 
22,46 
8.89 
5.72 
5.18 
4.74 


18.9 
21.76 
8.58 
8.0? 
6.75 
5.86 


29.28 
21.99 
8.5 
8.297 
6.32 
5.93 


Stu/STr 


2 995 
1.086 
1.213 
1.287 
1.381 
1,608 


1.044 
eG | 
1.220 
1.350 
1,38? 
1.639 


1 





RUN # 15 
DATA REDUCTION 


Eve ( 85 10 89) 
WEA C177 Td 191) 8 TOR C152 TO 186) e 


T r F r Sir Stu Us - Ub S(Ar 5(8) STu/STr | 
avg avg avg 
NODE (K) (XK) (Hz) (Hz) (uk) (uk) tuk) (¥/K) (V/K) 
3 1.9588 » 0055 534.660 = 3.215 0345 546 -,007 137.91 11.94 1.002 ves 
4 1.9590 0054 710.609 4.217 A | ~ 409 -.004 217.79 16.18 1.025 YES 
| 1.9590 0054 837.576 5.097 495 510 004 169.67 24.85 1.030 ‘E5 
i) 1.9590 00054 = 1065.169 = 4. 186 593 912 -.004 106.96 9.65 854 nO 
7 


1.9590 .0053 :1241.808 7.292 2.106 2.428 -.345 40.61 9.20 1.153 YES 


CE 1) 101 } 
TEA (177 70 191) TER (152 TO 136) 


3 1.9592 0049 534.410 = 2, 866 oooe 348 -.007 153. 44 11.47 979 NO 
4 1.9593 0049 710.274 §=3.. 748 798 409 -.004 218.02 16.20 1.026 YES 
2) 1.9594 0049 987.152 4.506 478 310 004 175.66 25.73 1.066 Yes 
6 1.7594 0049 = 11064.688 5.514 476 S12 -.604 122.21 12.02 1.076 YES 
7 1.7594 00048) = 1241.24 = 6. S08 1.826 2.428 2565 46.80 19.61 1.328 YES 
t/E ( 103 TO 107) 
THEA (177 18 181) «=oT/EB {152 TO 156) 

3 1.9594 0047 334.298 = 2.711 504 546 ‘=.007 134.5 11.75 - 986 La 
4 1.959% 0047 710.125 3.541 0397 409 ~.004 219.80 16.26 1.030 YES 
3 1.9593 0047 886.958 4.235 ~ 480 0310 004 175.12 25.65 1.083 YES 
6 1. 95% 006046 =: 1064.470 =: 5.209 475 312 ~.004 122.59 12.05 1.079 YES 
7 1.9596 . 0046 1240.990 6. 149 1.821 2.428 =. 565 46.76 10.64 1.533 Yes 
E/E (98 TO 97) 
TEA (175 10 176) 8 T/EB (159 TO 160) 

2 1.9592 0050 356.984 8 =1.941 0247 1.111 -.022 5.58 43.02 391 kg 
3 1.9592 0049 554.256 = 2.948 PER) 0508 010 154.4 11.57 969 NO 


BE (77 10 78) 
TEA CATS 10 176) T/EB C159 TO 160) 


21,9585 0060 = TS7.306 = 2.395 1.178 tell -.022 59.03 45.69 947 xO 
34. 9885 0059 = S34.732—« 3.819 54 5b .010 157.99 11.83 .990 x0 


GE (84 10 83) 
THEA (175 10 1768) = T/EB (189 Th 160) 


va 1.9588 - 0056 357.176 = 2.211 1.170 1.111 -,022 59.24 45.80 950 x0 
3 1.9588 0055 334.506 3.500 341 et) 010 158.24 11.84 991 nO 





ese tz) 10 25) 


V/EA (45 TO 50) 


nODE 


T 
avg 
(K) 





~é @ tA & wt PD 


1.5350 
1.5228 
1.5324 
1.5326 


1H 


4 
s¢ 


r F 
avg 
(K) (Hz) 
0035 405.091 
0037 606.374 
0038 806.659 
20039 = 1007.523 
003% = 1208.145 
20039 = 1409.028 

) 

} T/EB (65) TO 
0038 405.112 
0026 606. 33! 
0020 806. S34 
-0013 = 1004.83! 
20005 =: 1207. 705 

0.0000  1408.293 

} 

) T/EB ( 65) 79 
. 0008 404.903 
0006 604.685 
0005 806.257 
0004 1008. 592 

20003) = 1207. 572 
0002 1408. 273 


70 


70 


T/E9 ( 6S TO 70) 


RUM #15 


QATA REDUCTION 
Sir - STu 
avg 
(uk} (uk) 
1.599 TAP 
1.116 leeds 
544 708 
510 » 482 
1.587 1,644 
4, 478 6.144 
1.787 1.784 
onto nat 
sate 693 
re *, 484 
1.209 1.644 
3.785 6.117 
1.669 laa 
1.167 1.28! 
568 706 
cade . 482 
1.191 1.644 
3.741 6.14 


154 


~.020 
~.002 
028 
-.011 
031 
061 


-.034 
-.003 
994 
028 
032 
116 


S(A) 


(V/K)" 


59.63 
127.06 
79,42 
105. 6? 
41.96 
16.53 


53.4 
129.18 
75,43 
148.55 
$4.42 
19.58 


37045 
121.50 
76.09 
152. 87 
soe 19 
19.79 


$(B) 
(V/K) 


21.26 
22.98 
7.04 
3/1 
5.19 
4.95 


19.01 
21.76 
B. 60 
&. 10 
6.73 
5.86 


29.36 
21.97 
8. 64 
8.26 
6.82 
5.93 


Stu/Str 


LU! 
1.149 
15298 

9% 
1,049 


1.372 


998 
1.085 
0212 
1.292 
1.360 
1.614 


1,065 
1.098 
1.243 
1,56? 
1.380 
1.843 


1 
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